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Because of the rapid renal clearance 
of penicillin, the maintenance of levels 
adequate to control infections caused 
by organisms that are comparatively 
resistant to penicillin requires adminis- 
tration of the antibiotic in very large 
amounts either by constant intravenous 
infusion or by frequent intramuscular 


injections. Both diodrast'® and 
para-aminohippuric acid™' will 
block the tubular excretion of peni- 


the 
plasma levels that are obtainable from 
any given dose. Clinical use of these 
agents as adjuncts to penicillin therapy, 
limited 
they are effective only when given in- 
travenously in large amounts. Several 
groups of workers have reported that 
plasma penicillin levels can also be 


cillin and consequently enhance 


however, has been because 


the oral administration 
of benzoic acid or sodium benzoate.*” 

Others, 
benzoic acid to 


enhanced by 


have found 
have little effect on 


however. 


penicillin levels.’ 

Recently Beyer’ reported that the 
excretion of penicillin could be reversi- 
bly inhibited by 4’-carboxyphenylmeth- 
anesulfonanilide (caronamide). Several 
reports have appeared showing that 
caronamide given by mouth signifi- 
cantly enhances penicillin blood levels 
in man.**!* In view of the need for 
very high levels in the occasional pa- 
tient, it seemed of interest to study 
the effect of caronamide on the peni- 
cillin plasma levels following the ad- 
ministration of single doses of 1 million 
units. A few observations were also 
made on the effect of sodium benzoate. 


* Aided by a grant from the United States Public Health Service. 


Formerly 
Memorial Laboratory 


Assistant in Medicine, Harvard Medical School; and Research Fellow, Thorndike 
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Methods. 
were all convalescent male hospital pa- 


Materials and The subjects 
tients. Since persons over 60 years of age 
also 
enhance the 
levels than do younger people,'* 


excrete penicillin more slowly and 


require less caronamide to 
blood 
subjects in both of these age groups were 
included in this study. 


disease 


Also since renal 
failure! 
penicillin pa- 
tient was selected who was in heart failure 


and congestive heart 


may delay excretion, no 
or in whom there was obvious impairment 


of renal function, Otherwise patients 
were chosen without regard to their dis- 
They were given the regular hos- 
pital diet; fluid and salt intake was not 
controlled 


Commercially 


Cause. 


available penicillin 
Citrated bloods for 
penicillin plasma levels were obtained in 


Was USE d exclusive ly ° 


each subject at suitable intervals following 
the intramusculai million 


of physiological 


injection of |] 
units (dissolved in 3 cc. 
saline) before, during and after caronamide 
was given. The concentrations of peni- 
assayed by the serial dilution 
method of Rammelkamp,'! modified only 
by the use of 0.5 ml. of the plasma dilu- 
tions. The caronamide given by 
mouth in the form of tablets ground and 


milk; the 


gm. every 


cillin were 


Was 


flavored older 


9 
people were given 2 


suspended In 
hours 
while the vounger ones were given 4 gm. 
every 4 hours. The 
started 12 hours before the peni- 
cillin injection in order to permit the drug 


caronamide doses 


were 


to reach an equilibrium in the body 
fluids and were then continued for 24 
hours after the penicillin was given. At 
least 24 hours was allowed to elapse 


following the last dose of caronamide be- 
fore the postcaronamide control curve of 
penicillin blood levels was determined. 
Two patients under 60 and two patients 
over 60 years old in whom the penicillin 
levels had enhanced 
by caronamide were chosen for a study of 
the effect of sodium benzoate. 


been significantly 
This was 
given as a 10% chilled aqueous solution. 
These patients given 2 gm. of 
sodium benzoate every 2 hours beginning 
3 hours before the million 


were 


unit dose of 


COLLINS, 


FINLAND: 

penicillin and continuing for 24 hours. 
\ few days later, similar observations were 
made in the same subjects with the sodium 
benzoate given in doses of 4.5 gm. every 
2 hours for 12 hours. This was preceded 


by 4 doses of 6 gm, each given 4 hours 
apart, the last 


penicillin dose. 


one coinciding with the 


Results. Effect of Caronamide in 
Patients Over 60 The 
plasma penicillin levels resulting from 


Years of Aae 


the intramuscular injection of 1 million 
units in 7 patients over 60 years of age 
before, during and after oral therapy 
with 2 grams of caronamide every 4 
Table 1. The 
had little or no 
effect on plasma penicillin levels in 
Patient 4, 
cillin levels in the remaining 6 patients 


hours are shown in 


caronamide therapy 
but its effect on the peni- 


was striking. The peak penicillin levels 
obtained during caronamide were on 
the 
obtained 


those 
Six 
hours after the penicillin was adminis- 


twice as high as 


without 


average 


caronamide. 


tered the levels with caronamide were 
about 10 times as high as those with- 
out caronamide and at 12 hours the 
difference was more than 20-fold. At 
18 hours and 24 hours the penicillin 
levels with caronamide averaged about 
0.56 and 0.16 units, respectively, where- 
as at these times little or no penicillin 
could be detected in the control plas- 
mas. In Patiert 6 the levels resulting 
from the dose given 24 hours after the 
caronamide was discontinued were al- 
most as high as those obtained during 
the caronamide administration. That 
his kidneys were not permanently dam- 
aged is shown by the essentially normal 
penicillin response curve obtained 2 
days later when the effect of sodium 
benzoate was the first time. 
Presumably this patient retained suf- 
ficient caronamide to affect penicillin 
excretion significantly for at least 36 
hours. 


studied 


* Generously supplied by Commercial Solvents Corporation. 
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TABLE 1 


PLASMA Leve ts IN Patients Over 60 Years OLp AFTER SINGLE INTRA- 


MUSCULAR INJECTIONS OF 1 Mituion Units or With orn Witnout CARONAMIDE 


oR Sopium Benxzoate By 


Sodium 
Benzoate 
Grams 
Patient Every Every 

Hr 2? Hr 


(aron- 
amide 
Grams 


(Average 0 


0 
0 


0 
0 


0 
0 


0 
0 
0 


0 
0 
0 


0 
0 
0 
0 
0 


0 
0 
0 


Hours After Penicillin Dose 


l 6 12 18 24 
16.04 0.5 0.06 0 0 
16.0 0.5 0.25 0.06 
+ 0 0.5 0.06 0 0 
8.0 0.5 0.06 0 0 
16.0 8.0 + 0 1.0 0.25 
0.5 0.12 0.02 0 
16.0 1.0 0.06 0 0 
16.0 t 0 0.5 0.12 0.03 
8.0 0.5 0.02 0 0 
8.0 0.25 0.03 0.02 0 
16.0 0.25 0.06 0.03 0 
8.0 0.25 0.02 0.02 0 
8.0 2.0 0.12 0.02 0 
2.0 16.0 8.0 2.0 0.25 
16.0 2.0 0.5 0.02 0.02 
8.0 1.0 0.06 
32.0 16.0 0.5 0.5 
8.0 16.0 0.12 
16.0 2.0 0.12 0.03 0.02 
16.0 8.0 2 0 
8.0 0.25 0.02 

16.0 +0 0.25 0.03 0.02 

2.0 0.12 0 0 
16.0 0.25 0.02 0 0 
16.0 0.25 0.02 
10.3 0.73 0.06 0.01 0 
20.6 7.46 2.5 0.56 0.16 
0.65* 0.127 0.01 0 


Units per ml. of citrated plasma; —, not done. 


* Excluding Patient 6. 


Effect of Caronamide in Patients 
Under 60 Years of Age. 


cillin levels obtained in 


Plasma peni- 

10 patients 
under 60 years of age before, during 
and after oral administration of 4 gm. 
of caronamide every 4 hours are listed 
in Table 2. While the degree of en- 
hancement varied widely among these 
patients, the’ plasma penicillin levels 
without exception were definitely high- 
er during caronamide therapy than in 
the control periods. As was the case 
in the older people, caronamide had 
only a slight effect on the peak levels 


obtained in most cases, but it markedly 
altered the slope of the plasma level 
curve. During caronamide therapy, 
the peak penicillin levels were in- 
creased about 3-fold on the average, 
while after 4 hours the average differ- 
ence was about 15-fold. Without 
caronamide little or no penicillin re- 
mained in the plasma 8 and 12 hours 
after the penicillin dose, while with 
caronamide an average of about 0.4 
units was still present at 8 hours, and 
0.1 unit at 12 hours. In 5 of the 10 
patients penicillin could still be de- 
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Units per ml, of citrated plasma; —, not done 


tected in the plasma as late as 18 hours 
after its administration. 

of Effects of ( 
and Sodium Benzoate 
penicillin levels during the ad- 
of sodium benzoate are 
shown for patients 6 and 7 in Table 1 


( Ont_parison aronda- 


mide The plas- 


ma 
ministration 
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PABLE 2 PLasma Levens IN Patients Unpver 60 Years OLp SINGLE INTRA 
MUSCULAR INJECTIONS OF 1 Units or Pentcituin With ok Wirnout CARONAMIDE 
or Soptum Benzoate By 

(‘aron Sodium 
amide By nzoate 
Grams Grams Hlou {fier Pe n Dose 
Patie 1 ye Every Every 
14 0 0 O04 12 
} 0) 0.25 0 OY 0 
- 
0 0 t 0) 0 O06 0 
16 0 0 06 0 
> 0 0.25 0 OY 0 
11 0 t 0 0.25 0 08 OY 
0 t 0 0 0.5 0.25 0 0 
0 t 0 12 0 0 
| 0 0 0.12 0 
0) 0.5 0.25 0 0 
0 16.0 6 5 0. OY 0 
14 0 > 0 0. 06 0 
0 0 OY 0 
Is 0 12 0 OS OY 
} 16.0 0 25 0 06 
0 t 0 0 
16 $+? 0 1.0 0 25 OY 0 
> 0 O06 0 OY 0 
0 0 > 0 0.25 0 0 
) 0 8.0) 0.25 0 0 0 0 
t.5 0 0.25 0 02 0 0 
0) 0 8.0 0.25 0.02 0 
320 1.0 0.25 0.038 0 
0 2 0 0 25 0 0 
) 8.0 0.25 0.02 0 0 0 
5 0 0 0.75 0.03 0 
Average 0 0 + 0 0.16 0.01 0.01 0 0 
} 0 10.6 > 30 0.39 0.10 0.02 0 
0 0 2 9 0.16 0.01 0 0 0 


and for patients 16 and 17 in Table 2. 
Two grams of sodium benzoate given 
every 2 hours had little if any effect on 
the penicillin curves. The experiment 
was then repeated in the same individ- 
with of 4.5 2 


uals doses gm. 2 
hours following 12 hours of priming 


every 


0 
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with 6 gm. every 4 hours. One of the 
older patients, Number 6, showed a 
moderate enhancement of penicillin 
levels when he was given the larger 
dosage of sodium benzoate. This effect, 
however, was much less marked than 
that produced by 2 gm. of caronamide 
every 4 hours in the same patient. The 
sodium benzoate did not significantly 
alter the penicillin levels in the other 
patients. 

Untoward Effects of Caronamide. 
Urinalyses and blood nonprotein nitro- 
gen determinations were done before, 
during and after the caronamide ad- 
ministration. Slight reduction of Bene- 
dict’s solution (blue-green reaction) was 
observed in occasional urines during 
caronamide administration. Crystal- 
luria, albuminuria or formed elements 
were not found in the freshly voided 


urines and the blood nonprotein levels 
all remained within normal limits. The 
only untoward effects encountered were 
nausea in 4 patients with vomiting in 
2 of them. 

Comment. The average penicillin 
levels obtained following 1 million 
units of penicillin with and without 
caronamide are plotted in Figure 1. 
Data obtained in a previous study'* on 
the effect of caronamide with intra- 
muscular doses of 100,000 units of 
penicillin given every 8 hours are also 
shown for comparison. The reason 
for the difficulty in maintaining high 
plasma penicillin levels is readily ap- 
parent on examination of the penicillin 
plasma level curves. Increasing the 
penicillin dose from 100,000 units to a 
million units without giving caronamide 
increased the peak plasma penicillin 
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Figure 1. Plasma penicillin levels after intramuscular doses of penicillin with and without 


oral caronamide. 
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to 5-fold.’ 
doubled the time during which peni- 
cillin was detected in the plasma. It 


levels only 3- and merely 


is of interest that even in the older pa- 
tients in whom, as previously noted,'* 
penicillin excretion is somewhat de- 
layed, the slopes of the blood level 
the 100,000 


million unit doses are identical. 


and | 
This 


finding suggests that the human tubular 


curves following 


excretory mechanism is not saturated 


by as large a dose as 1 million units. 
In rabbits, Eagle and Newman’ found 
that the tubular excretory mechanism 
could be saturated by single intra- 
venous doses of 600 mg. of penicillin 


G per kg 


ot 60 million units in the average adult 


This corresponds to a dose 


nal. 

High plasma penicillin levels can be 
maintained with relative ease by simul- 
large doses 
the 
curves of the penicillin plasma levels 


taneous administration of 


of penicillin and caronamide. If 


shown in Figure 1 for both young and 
old people receiving 100,000 units of 


penicillin with caronamide are pro- 


jected, they would actually cross the 


curves obtained with 1,000,000 units 
of penicillin without caronamide. Ex- 
cept during the first few hours, the 


fol- 


Carona- 


penicillin plasma concentrations 
lowing the administration of 
mide are higher than those resulting 
from a 10-fold greater dose of penicillin 


without caronamide. 


7 Che differences may have 


COLLINS, 


been somewhat greater since 


FINLAND: 


While other workers have reported 
that penicillin blood levels could be 
enhanced by administration of 2 gm. of 
sodium benzoate every 2 or 3 hours, 
none of the 4 patients in this experi- 
ment receiving a similar dosage showed 
significant enhancement of their peni- 
Furthermore, only 1 of 4 
the 


sodium benzoate showed 


cillin levels. 


patients who received larger 
amounts of 
definite elevation of penicillin levels 
as compared with control values. In 
this 


benzoate 


one patient 4.5 gm. of sodium 


every 2 


hours proved less 
effective in enhancing penicillin plasma 
than 


every 4 


caronamide 
While it is 
probable that penicillin levels could 


levels did 2 gm. of 


given hours. 
be further enhanced by increasing the 


sodium benzoate dosage, 3 patients 
complained of nausea with the dosage 


used. 
The administra- 


tion of caronamide together with large 


Conclusions. oral 
intramuscular doses of penicillin makes 
it possible to maintain high penicillin 
The 


prolonging 


plasma levels with relative ease. 
effect of 
penicillin plasma levels is greater than 


caronamide — in 


that resulting from a 10-fold increase in 


the penicillin dosage. Sodium  ben- 
zoate in 4 patients was found to be 
much less effective than caronamide in 


enhancing penicillin levels. 


the “peak” level in the present 


study was determined at 1 hour whereas in the previous study it was taken at % hour. 
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It is generally assumed, though by 
no means established, that penicillin 
therapy to be effective, should provide 
suitable the 


concentrations of anti- 


biotic throughout the interval between. 


doses. Because of its rapid renal ex- 
cretion and the vagaries of its absorp- 
tion the tract, 
some simple and effective method of 
enhancing 


from gastrointestinal 


and prolonging penicillin 


levels during its oral administration 
would seem desirable. It has been 
shown that caronamide (4’carboxy- 


phenylmethanesulfonanilide) inhibits 
reversibly the renal tubular excretion of 
penicillin,’ and when given by mouth, 
enhances and prolongs the plasma peni- 
cillin levels resulting from parenterally 
administered penicillin. Studies 
on the effect of the 
blood levels obtained during oral peni- 
cillin administration are the subject 
of this report. 


caronamide on 


Materials and Methods. The subjects 
were all convalescent adult male patients 
who had no definite 
congestive failure, or 
Both young 


renal 
other seri- 
old 


evidence of 
damage 


ous illness. and men 


PROFESSOR OF MEDICINE, HARVARD MEDICAI 
HOSPITAL, 
LABORATORY 


Laboratory, Second and Fourth Medical Services 


SCHOOL; 
ASSOCIATI 


CHIE! 
PHYSICIAN 


FOURTH MEDICAI 
PHORNDIKE 


MASSACHUSETTS 


Harvard 


Department of Medicine, Harvard Medical School) 


The 
pital was not disturbed. 
salt intake 


were sery ed on 


the hos 
Diets, fluids and 
altered. Meals 
the hospital «schedule, 
and 11 and 4 p.m. 
Medications (caronamide and _ penicillin) 
timed to the 1-hourly 
pital schedule (9-1-5) and measures were 
taken to administer 
and with certainty. 


were studied. routine of 


were not 
namely, at 7 


acm. 


were routine hos- 


the drugs promptly 


Tablets (supplied by Commercial Sol- 
vents Corporation) each containing 100,- 
000 units of crystalline potassium peni- 
cillin G, buffered with 0.5 gm. sodium 


One tablet 
t hours beginning at 9 


citrate were used exclusively. 
was given every 


day 1, and continued through 5 


p.m. of day 4. 


a.m. of 
Blood samples were drawn 
before, during and after the caronamide 
administration at such intervals as to pro- 
vide the 4-hour 
level, just prior to taking the next tablet 
ot penicillin, as well as a series of levels 
taken at 45 minutes, 2 hours and 
following a dose. 


several observations of 


hours 
Each patient served as 
and after the 

Penicillin con- 
centrations were assayed on citrated plas- 
the dilution method of 
Rammelkamp,” modified only by the use 
of 0.5 ml. of the plasma dilutions. 


his own control before 


caronamide administration. 


ma by serial 


* Aided by a grant from the United States Public Health Service. 
Che penicillin determinations were carried out by Clare Wilcox and Paul F. Frank. 
** Formerly, Assistant in Medicine, Harvard Medical School; Research Fellow, Thorndike 


Memorial Laboratory. 
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Caronamide* was given by mouth in 
the form of tablets that were finely ground 
and then suspended in chocolate flavored 
milk with the aid of a Waring blender. 
The first dose of caronamide was given 
at 1 p.m. of day 2, with doses repeated 
every 4 hours, at the same time as the 
penicillin, the final dose being given at 
| p.m. of day 3. Plasma penicillin levels 
between penicillin doses were obtained 
before the first and last doses of caron- 
amide and again 20 hours after the last 
dose of caronamide. The caronamide 
was employed in 3 different dosages: one 
group of individuals under 60 years old 
received 4 grams every 4 hours, a second 
gioup over 60 years old was given 2 
grams every 4 hours. These amounts had 
produced a satisfactory enhancing effect 
when penicillin was given intramus- 
cularly. \ third group of patients 
over 60 vears old was given 3° grams 
every 4 hours. 

\ method for determining plasma 
caronamide concentrations" became ay ail- 
able before these studies were completed. 
This method with minor modifications was 
used to study the blood caronamide con- 
centrations in the last group of patients 
(those over 60, receiving 3-gram doses of 
caronamide 


Results. The findings will be pre- 
sented separately for each of the 3 
groups of patients. 

Eight patients under 60 
years old received 4 gm. of caronamide 
every 4 hours. The plasma penicillin 
levels before, during and after the 
caronamide administration in each of 


Group | 


these patients and the averages for 
the group are shown in Table 1. These 
levels varied somewhat in différent 
individuals during the control periods 
and while caronamide was being given, 
both 4 hours after the penicillin doses 
and in the interval between doses. 
With one exception the levels obtained 
before and after the caronamide were 
essentially the same. In Patient 8 
they were substantially higher in the 
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postcaronamide than in the precaron- 
amide control period. 

The average levels obtained 4 hours 
after a dose of penicillin in the differ- 
ent patients ranged from 0.01-0.05 
units before and from 0.01-0.06 units 
after caronamide was given. During 
the caronamide the corresponding levels 
ranged between 0.02 and 0.20 units. 
The average level for the 8 patients 4 
hours after a dose of penicillin was 
about 2% times higher during carona- 
mide administration than in the control 
periods. There was a similar enhance- 
ment in the average penicillin levels 
45 minutes and 2 hours after a dose. 

In the control periods before and 
after caronamide administration, more 
than one-fourth of the plasma speci- 
mens obtained 4 hours after a dose of 
penicillin showed no demonstrable 
penicillin activity, and three-fourths of 
such specimens yielded levels of 0.02 
units or less. During the caronamide 
period, on the other hand, penicillin 
activity was detectable in all but 1 
specimen and almost three-fourths of 
the specimens obtained 4 hours after 
a dose yielded concentrations of 0.03 
or higher. 

(rroup 2. There were 9 patients 
over 60 years old in this group and 
each was given 2 gm. of caronamide 
every 2 hours. The penicillin levels 
obtained in this group are shown in 
Table 2. The results were quite ir- 
regular. Levels of 0.03. units per ml. 
or higher were maintained during the 
control periods in most of these pa- 
tients. The average of all the levels 
obtained 4 hours after a dose was 
about 0.07 units per ml. during the 
control periods and 0.12 units per ml. 
during caronamide administration. En- 
hancement of penicillin levels through 
out most of the caronamide period was 
noted in only 2 patients (numbers 9 
and 14). 


* Supplied by Sharp & Dohme, Inc., through the courtesy of Dr. William P. Boger. 
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PABLE 1 PLASMA PENIcILLIN LeEvets IN Patients UNpver 60 Years or AGE, RECEIVING 
100,000 Units By Moutu Every 4 Hours, Wits or Wirnout Orat CAaRONAMIDE, 4 GRAMS 


Every +4 Hovurs* 


Caron Hours After Preceding Penicillin Dose 
amide 
Patient {ge Every Day 9 9:45 11 1 (5 (9 {rer- 
| Hours pm am am am pm pm pm age § 
35 0 ] 0 08 OY 
) OY O06 06 OY 0 OY 
} 0 O64 0.05 12 0.12 008 0.04 
2 $6 0 l 0 
0 ) 0.01 0.02 0.06 0.02 0.01 
0.02 0.08 0.25 0.09 O.02) 0.08 0.02 
0 0.02 0.06 0.12 0 0 0 0.01 
+1 $2 0 0.03 
) 0.08 0.06 0.02 0 0.02 
0.014 0.08 0.12 0.12 0.06 0.02 0.03 
0 } 0.02 O.12 0.01 0.02 0 0 0.01 
26 l 0.02 0.02 
0 ) 0.02 0.25 0.06 0 0.02 
0.02 0.03 1.0 025 0.08 0.03 
0 02 0.25 0.03 0. 0 0 
+) 0 ] 0.06 0.12 
0 ) 0.06 0.12 O.12 0.06 0.08 
3 0. 064 0.25 O.38 0.5 0.25 0.25 0.20 
0 0.06 0. 25 0. 25 0.06 0. 06 0 0.06 
6 33 0.02 
0 ) 0 08 0 06 0.06 O.02 0.02 
0 0.06 0.12 0.06 0.06 0.04 
0 t 0.03 0.03 0.03 0.038 0 0 0.02 
7 5 0 l 0 0 
0 2 0.02 0.12 0.03 0) 0.01 
0.024 0.12 0.25 0.12 0.06 0.06 0.07 
0 t 0.02 0.12 O.12 O.02 0 0 0.01 
5 0 ] 
0 2 0.03 0.06 0.12 0.08 0.03 
+ 3 0. 064 0.06 0.25 0.12 0.12 0.09 
0 } 0.12 0.25 0.25 0.06 0.02 0.02 0.06 
Average 13 30 0 l 0.02 0.03 
0 ) 0.038 0.09 0.07 0.02 0.03 
} 3 0.034 0.08 0.32 0.19 O.08 0.08 0.07 
0 0.04 0.14 0.11 0.08 O.01 0.01 0.02 


Che penicillin was started at 9 a.m. on day 1; the first dose of caronamide was given at 
| p.m. on day 2 and the last dose at 1 p.m, on day 3. 

** Average of values before, during and after caronamide administration. 

# Blood drawn on day 2, 8 hours after caronamide was started. 

) The first value listed for each subject is the average of the levels obtained 4 hours after 

u dose on days 1 and 2 before caronamide was started; the second is the average of the 4-hou 
levels during, and the third after caronamide. 
not done. 


EFFECT OF ORAL CARONAMIDE ON PLASMA PENICILLIN LEVELS 251 


2 Puasma Penicituin LeEveus IN Parients Over 60 Years or AGE, RECEIVING 100,000 
Usxirs By Mourn Every 4 Hours, on Wrrnout Caronamipe, 2 GRAMS Every 
t Hovrs* 


Caron- Hours After Preceding Penicillin Dose 
amide 
Grams 1 2 + + 
Patient Age NPN Every Day (5 (9 (9:45 (11 (1 (5 (9 Aver- 
j Hlo wre pm am am am pm pm) pm) age N 
9 258 0 l 0.12 O.12 
0 2 0.038 0.12 0.25 0.10 
2 3 0.124 0.02 0.25 0.25 0.25 O.4 0.20 
0 0 009 0.03 0.06 0.06 0.06 0.05 
10 90 3S 0 l 0.038 0.02 
0 2 0 0.06 0.02 0.02 
2 3 0.0384 0 0.02 0.02 O.OL 0.06 0.03 
0 0 002 O 0.02 0.02 0.01 
11 75 33 0 l 0.03 0.02 
0 2 0.06 0.08 0.25 0.03 OOF 
3 0 0.06 0.12 0.08 0.08 0.02 
0 0 0.06 0.06 0.02 0.02 0 O02 0.08 
76 3S 0 l 0.06 0.06 
0 2 0.12 O.12 0.25 O.12 0.09 
0.124 0.12 0.12 12 0.06 0.25 0.14 
0 002 0.06 0.08 0.06 0.03 0.04 
13 82 3S 0 l 0.038 0.02 
0 2 0.02 0.02 0 02) 0.02 0.02 
2 3 0.034 0.09 0.06 0.02) 0.08 0.02 
0 0.02 0.06 0.06 0.02 0.01 
14 66 3S 0 l 0.01 
0 ) 0.06 0.12. 0.06 0.02 0.03 
2 3 0.024 0.20 0.25 0.25 0.06 0.03 0.08 
0 0.038 0.06 0.12 0.02 0.02 0.02 
15 79 $7 0 l 0.03 0 
0 0.06 0.12 0.12 0.03 0.03 
2 3 0.034 0.06 0.25 O.12 0.08) 0.08 0.04 
0 0.06 0.12 0.08) 0.02 0.04 
16 69 0 l 0.038 0.03 
0 0.08 0.08 0.06 0.02 0.03 
2 3 0.0384 0.02 0.02 0.08 0.083) 0.02 0.038 
0 t 0 0.02 0.02 0 0 0 
17 5 0 l 0.12 O.12 
0 2 0.12 0.50 1.0 0.25 0.15 
2 3 0.506 0.5 0.50 0.5 0.25 1.0 0.56 
0 + 1.0 1.0 1.0 0.50 0.12 0.54 
Average 75 37 0 le 0.05 0.04 
9-17 0 2 0.06 0.138 0.23 0.07 0.06 
2 3 0.104 0.10 0.17 0.16 O.08) 0.20 0.12 
0 0.13 0.17 0.16 O.08 0.038) 0.03) 0.08 


* The penicillin was started at 9 a.m. on day 1; the first dose of caronamide was given at 
1 p.m. on day 2, and the last dose at 1 p.m, on day 3. 

** Average of values before, during and after caronamide administration. 

# Blood drawn on day 2, 4 hours after initial dose of caronamide. 

§ The first value listed for each subject is the average of the levels obtained 4 hours after 
a dose on days 1 and 2 before caronamide was started; the second is the average of the 4-hour 
levels during, and the third, after caronamide. 

not done. 
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Group 3. In this group there were ing almost the entire control periods 
7 patients over 60 years old who re- — before and after caronamide was given. 


ceived 3 gm. of caronamide every 4. Enhancement of the plasma _ penicillin 
hours and their penicillin levels are levels throughout most or all of the 
shown in Table 3. In these patients, as period of caronamide administration 


in those of Group 2, concentrations of | occurred in every one of these patients. 
0.03 units per ml. were obtained dur- The average of all the levels obtained 4 
3 PeNiciLLIn LEVELS IN Patients Over 60 YEARS oF RECEIVING 100,000 


Units By Moutn Every 4 Hours, Witiu or Orat Caronamipve, 3 Grams Every 
t Hours* 


(Caron Hours After Preceding Penicillin Dose 
amide 
| Hours pm am am an pm pm age 
Is 74 36 0 l 0 0.02 
3 0. 064 0.12 0.25 0.25 O.12 O.12 O.1] 
0 0.06 0.12 0.12 0.02 0.08) 0.04 
19 78 33 0 l 0. 08 0. 
0 ) 0.08 0.08 O.04F O 0.02 
3 ] 0.084 0.25 0.25 0.12 0.06 0.06 0.10 
0 0.08 0.06 0.06 0. OY 0.02 
20 74 29 0 0.08 0.038 
0 pe 0.06 O.12 0.06 0.05 
3 3 O64 0.20 0.25 0.50 40 20 0.22 
0.06 0. 06 0.12 06 0.03 0.05 
62 50 0 l 0.68. 06.12 
0 2 0.12 O.12 O.12 0.10 
| 3 0.254 0.50 0.50 0.50 0.25 0.20 0.30 
0 0.06 0.12 0.25 0.12 0.06 O.O8 
73 42 0 0. 06 0.06 
0 ) 0.12 0.12 O.12 0.09 0.08 
3 0.124 0.80 0.50 0.50 0.50 0.12 
0 } 0.12 0.25 0.25 0.12 0.12 0.12 
3 83 56 0 l 0.08 0.08 
0 0.06 0.06 0.12 0.038 0.04 
3 3 0.064 0.06 0.12 0.20 0.12 0.06 0.08 
0 + 0.40 0.25 0.25 O.12 O.12 O.2] 
80 13 0 0.02 0.02 
0 2 0.12 0.20 0.20 O.05 0.05 
3 ; 0.124 0.06 0.25 0.50 0.25 0.25 0.17 
0 0.20 0.50 0.25 0.12 0.08 0.12 
(\verage 75 +] 0 0.03 0.04 
18—24 0 ) 0.08 O.11 O.11 0.05 0.05 
3 3 0.104 0.28 0.30 0.39 0.24 0.14 O.19 
0 0.138 0.20 0.19 O.08 0.09 


Che penicillin was started at 9 a.m. on day 1; the first dose of caronamide was given at 
| p.m. on day 2, and the last dose at 1 p.m. on day 3. 

** Average of values before, during and after caronamide administration 

# Blood drawn on day 2, 4 hours after initial dose of caronamide. 
§ The first value listed for each subject is the average of the levels obtained 4 hours afte1 
a dose on days 1 and 2 before caronamide was started; the second is the average of the 4-hour 
levels during caronamide and the third, after caronamide. 


wt 


~~ 


wT 


~~ 


EFFECT OF ORAL CARONAMIDE 


ON PLASMA PENICILLIN LEVELS y 45% 


TABLE 4 PLasMa CAaRONAMIDE LEVELS IN THE PATIENTS ListED IN TABLE 3. 


Plasma Caronamide, Mg. per 100 M1. 


Day 2 

Yam opm Yam 

Patient ye VPN* Hours 
Before 

1s 74 36 0 14 15 
19 78 $3 0 13 15 
20) 74 29 0 15 16 
21 62 50 0 21% 37 
22 73 $2 0 16 31 
23 83 56 0 16 36 
24 sO 3 0 17 29 
18-20 75 33 0 15 
21-24 75 $8 0 Is 33 
18-24 75 42 0 16 26 


Day 3 Day 4 
9:45 Ilam Spm Ipm 
am 


{fter Previous Dose of Caronamide 


2 20 24 28 
Is 28 Is 17 2 l <4 
16 17 19 26 2 <3 <1 
31 29 27 26 | 
15 15 42 >10 >10 10 
28 $5 $5 36 1s 15 14 

1 27 20) 20 
2s 37 34 14 13 


22 25 21 23 2 <i 
36 37 33 39 >22 >15 14 
29 32 28 32 13 9 


* Average of the values obtained before, during and after the caronamide administration. 
# Initial caronamide dose in this patient was 6 grams. Penicillin tablets by mouth, 100,000 
units every 4 hours, started at 9 a.m. on day | and continued through 5 p.m, on day 4. Caron- 


unide, 3 grams every 4 hours orally, started ; 


l p.m dose on day 


hours after the penicillin doses was 0.05 
units per ml. in the precaronamide 
period as compared with 0.19 units 
per ml. while caronamide was being 
given, an almost four-fold increase at- 
tributable to the caronamide. 

The penicillin levels in the post- 
caronamide period were essentially the 
same as in the precaronamide period in 
Patients 18, 19, 20 and 21, but in the 
3 remaining patients the postcaron- 
amide levels were higher than those 
obtained before the caronamide was 
begun. Indeed, in Patients 23 and 24 
penicillin levels were even higher for 
some time after the caronamide was 
stopped than they were at correspond- 
ing times while they were taking the 
adjuvant. 

Plasma Caronamide Levels in Group 

The individual differences just noted 
suggested the possibility that variations 
in the absorption and excretion of car- 
onamide in the several patients might 
account for the discrepancies. Caron- 
amide determinations were, therefore, 
carried out in this group of patients. 


it 1 p.m. on day 2 and discontinued after the 


The results are shown in Table 4. 

The plasma caronamide concentra- 
tions were lower in Patients 18, 19 and 
20 than in the 4 remaining patients 
throughout the period of caronamide 
administration. In addition, only traces 
of caronamide were still present 20-25 
hours after the last dose in the former, 
while substantial concentrations were 
still present at that time in the latter. 
The average age of the patients was 
the same in the 2 groups but the 
blood nonprotein nitrogen levels were 
higher in those who maintained the 
high levels of caronamide after that 
drug was discontinued. Three of the 
latter, but none of the former patients 
showed high plasma penicillin levels 
in the postcaronamide period. 

Average Levels. The average plasma 
penicillin levels obtained 4 hours after 
some of the doses of penicillin and in 
the interval between penicillin doses 
during caronamide administration and 
during the control periods are shown 
graphically for each of the 3 groups of 
patients in Figure 1. The enhancing 
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effect of caronamide both on the 4-houw 
levels as well as on the levels obtained 
between penicillin doses in Groups | 
and 3 can be seen clearly. The average 
caronamide levels in Group 3 are also 
shown in this figure. 

F € q u th Wh ch | arious Plas- 
nia Pe nicillin Le le ls were Maintaine d 
Since the oral doses of penicillin were 
given at 4-hourly intervals, the height 
of the penicillin levels obtained at the 
end of these intervals should afford the 
best reflection of the enhancing and 
prolonging effect of the caronamide. 
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The which various 
penicillin concentrations were attained 
at this ad- 


ministration and in the 2 control periods 


frequency with 


time during caronamide 
is shown graphically for each of the 
3 groups of patients in Figure 2. The 
enhancing effect of the caronamide in 
3 is indicated by the 
significantly greater proportion of the 
higher 


Groups 1 and 


concentrations during caron- 


amide administration. The distribution 
of the penicillin levels in the pre- and 
post-caronamide control periods was 
essentially the same in Group 1, where- 
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Figure 1. 
penicillin given every 4 hours 
groups of patients. 
shown, 


Average plasma penicillin levels resulting from oral doses of 

during and after oral caronamide 
The average plasma caronamide levels for one of these groups are also 
The solid triangles indicate the time when caronamide doses were given, 


100.000 units of 
administration in 3 
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as in Group 3 the distribution of the 
levels in the postcaronamide period 
was intermediate between that of the 
caronamide period and the one_ for 
the precaronamide controls. The dis- 
tribution curves for Group 2 were ir- 
regular. 

Toxicity. There were no significant 
toxic symptoms, abnormal urinary find- 
ings or rises in blood nonprotein nitro- 
gen levels during caronamide therapy 
in any of these patients. 

Comment. The data presented con- 
firm the findings of other workers*'!*'* 
and indicate that oral caronamide in 
sufficient amounts has an enhancing 


} 
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effect on plasma penicillin levels when 
the penicillin is given orally. This 
enhancing effect seems to be less 
marked than was the case when peni- 
cillin was given intramuscularly.'*'* 
Furthermore, the effects of caronamide 
during oral penicillin appear to be 
more erratic and the individual varia- 
tions as shown, in Tables 1-3, are even 
greater than when penicillin is given 
intramuscularly. 

In the case of oral penicillin, one 
must consider first the factors of ab- 
sorption and of excretion.*"* Absorp- 
tion of penicillin when given orally is 
considerably more irregular than when 


PER CENT OF OBSERVATION 


T 
0.016 


T 
0.03 0.06 O13 as Lo 
UNITS OF PENICILLIN PER ML. OF PLASMA 


Figure 2. Frequency with which various plasma penicillin concentrations (complete inhibi- 
tion) were obtained 4 hours after oral doses of 100,000 units of penicillin before (coarsely 


broken line), during (solid line), and after (finely broken line) caronamide administration. 
numbers of observations are shown in the circles. 


gm, of caronamide every 4 hours (Table 1). 


The 
Group 1: 8 patients under 60 years old; 4 
Group 2: 9 patients over 60 years old; 2 gm. of 


caronamide every 3 hours (Table 2). Group 3:7 patients over 60 years old; 3 gm. of caron- 


amide every 4 hours (Table 3). 
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The rate 
ot excretion is also subject to individual 


it is given intramuscularly. 


variations and is especially influenced 
by age and by the state of renal 
function. 

In the present study some of the 
factors influencing the blood levels ob- 
tainable from oral penicillin have been 
Thus 
were kept con 
stant by giving them at the same time 
in relation to the doses of the drugs 


controlled as far as possible. 
the effects of meals 


under study. The factor of gastric 
acidity was not controlled except 
insofar as it varies with age. The 


renal function was not studied inten- 
sively but patients were chosen for 
these studies because they were thought 
te have essentially normal renal func- 
tion as indicated by the failure to find 
abnormal elements in the urine, by 
good concentrating power and by the 
tact that the blood nonprotein nitrogen 
was essentially within the normal range 
as seen in patients in this age group at 
this hospital. The levels of nonprotein 
nitrogen, however, were slightly ele- 
vated in a few patients and these pa 
tients (numbers 17, 22, 23 and 24 
showed evidence of persistence of ele- 
vated plasma levels of both penicillin 
and caronamide, presumably because 
of the delay in excretion. 

That age alone has an enhancing 
and prolonging effect on penicillin 
blood levels when repeated doses ot 
that antibiotic are given was shown 
in previous studies with intramuscular 
injections of large doses of penicillin. 

This effect was confirmed in the 
present studies for patients receiving 
penicillin orally. Thus, while about 
three-fourths of the observations made 
4 hours after oral doses during control 
periods in persons under 60 years old 
showed little or no demonstrable peni- 
cillin in the plasma, more than two- 
thirds of the corresponding observa- 
tions made in older people showed 
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levels of 0.03 units per ml. or higher. 


Presumably, the same mechanism 


namely reduction in the functional 
tubular excretory mass is responsible 
for this phenomenon and for the great- 
er enhancing effect of caronamide. The 
latter is also reflected in the fact that 
in the old people a smaller dose of 
caronamide produced a greater pro- 
longation and enhancement of peni- 
cillin levels than did the larger doses 
in the younger patients 

To be sure, the general assumption 
that it is necessary to maintain certain 
minimum concentrations of penicillin 
in the circulating blood in order to 
achieve an optimum therapeutic eftect 
Nevertheless, 
it seems reasonable to suppose that 


remains to be proved. 


when the maximum levels achieved in 
the blood are the same, prolongation 
of high levels from the same dose is 


desirable from a 


chemotherapeutic 
point of view. 

The few observations that were made 
cn plasma caronamide concentrations 
in the patients of Group 3 indicate 
that absorption and/or excretion of 
orally administered caronamide varies 
in different individuals. The results 
obtained in these patients suggest that 
such variations may account for the 
differences in the enhancing and pro- 
longing effect of the caronamide and 
for the duration of its effects. 

In these studies. as in those pre- 
viously 
tory,’ 


labora- 
caronamide was given for 


reported from this 


only 24 hours. It is of course not 
possible from such observations to 
draw conclusions as to the suitability 
of this agent for prolonged use in 
therapy. 

Summary and Conclusions. Oral peni- 
cillin when administered alone in 
doses of 100,000 units every 4 hours 
could not be relied upon to maintain 
significant concentrations of the anti- 
biotic in the plasma in persons under 


EFFECT OF ORAL CARONAMIDE 


60 years of age. Penicillin levels of 
0.03 units per ml. were usually main- 
tained in persons over 60 years old on 
lie same dosage. 

Caronamide in oral doses of 4 gm. 
every 4 hours in persons under 60 and 
in doses of 3 gm. every 4 hours in 
those over 60 enhanced and prolonged 
the levels from oral penicillin. 
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Present knowledge of the risk of 
attack among persons living in house- 
holds in which poliomyelitis appears in- 
dicates that frequently several mem- 
bers of a family develop clinical or sub- 
clinical attacks of the disease 1°"? Ay- 
cock and Eaton' and later Casey et al.’ 
studied multiple cases in families. 
Their studies indicated that simultane- 
ous infection in family members is 
common, and that the source of virus 
in these outbreaks is closely related to 
the household. Pearson and _associ- 
ates'' in an urban outbreak of polio- 
myelitis, found that carriers of virus 
were concentrated about those house- 
holds in which there was a paralyzed 
patient. In these limited loci, appar- 
ently, there is a wide distribution of 
virus in humans. 

The broad purpose of this report is 
to call attention again to the wide- 
spread distribution of poliomyelitis 
virus in certain households attacked 
by the disease. In a recent paper 
that appeared shortly before one of 
ours’ Zintek'* was able to demon- 
strate rapid dispersion of virus in a 
tamily within an 8 day period. He 
was able to conclude that poliomye- 
litis virus must have seated itself at 
almost the same time among the mem- 


bers of this family, which is to say that 
each exposure was simultaneous at a 
common source Our evidence is some- 
what indirect compared with Zintek's 
but in general we are in agreement 
with his conclusions. 


Material and Methods. ('linical ma- 
terial. A widespread outbreak of polio- 
inyelitis occurred in the state of Kansas 
during the summer of 1946.** In eastern 
Kansas a large number of children and 
adults were referred to the University of 
Kansas Hospitals for diagnosis and treat- 
nent. The family histories obtained 
from some patients indicated that illness 
had occurred in additional family mem- 
bers. Among these households 5 were 
visited and samples of stool, oropharyn- 
geal exudate and whole blood were ob- 
tained from each member of the family. 
(a) Stools. Individual stool samples were 
collected within a few days. The manner 
of collection of stools has been described.'® 
Less than 12 hours elapsed after stools 
were collected and storage of them in a 
Cry ice cabinet. (b) Throat swabs. The 
oropharynx of each patient was swabbed 
at the time of admission to the hospital. 
During the ensuing few days (1 to 7) the 
throat of each member in the household 
was sampled. Two or four cotton pled- 
gets on applicator sticks were used to 
collect exudate from the oropharynx. 
Cotton pledgets were applied and rapidly 


* Aided by a grant from the National Foundation for Infantile Paralysis, Inc. 
** We are indebted to the following physicians for cooperation and assistance in the comple- 


tion of this study: Dr. F. C. Beelman, Secretary, and Dr. C. 


H. Kinnaman, epidemiologist 


Kansas State Health Department, Topeka, Kansas, and to Dr. Hugh M. Dwyer, Commissioner 


of Health, Kansas City, Missouri. 
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moved in order that tonsillar tissue and 
mucosa of the palatine fossa was gently 
rubbed. The cotton moistened with exu- 
date was placed in individual sterile 
screw-capped bottles containing 1 cc. of 
distilled water. Specimens were stored 
promptly in a drv ice box. 

Preparation of Inoculum. (a) Stools. 
ihe method of preparation of stool extract 
for intranasal and intraperitoneal inocula- 
tion of a monkey has been described.*:'* 
Penicillin (50,000 units) was added to the 
etherized fraction 20 minutes prior to 
inoculation. (b) Throat swabs. In the 
test for virus, thawed cotton pledgets rep- 
resenting an individual sampling were 
moistened with 0.3 cc. of glycine acetate 
phosphate (GAP) buffer at pH 8.2. 
These pledgets were placed in a sterile 
5 ce. svringe and the absorbed fluid ex- 
pressed into a test tube. To this eluate 
0.3 ec. of GAP buffer, pH 4.4, was added 
bringing the fluid to about pH 6.0.°'° 
Ether was added. The tube was shaken 
gently and placed in the ice box (6° C.) 
overnight. The tube was capped with a 
cotton plug to permit volatilization of the 


ether. Almost invariably the eluate 
fraction was free of bacteria. 

Inoculation (a) Stools. The com- 
bined intraperitoneal and intranasal por- 
tals were used for inoculation. Each 
monkey received 10 to 20 cc. of the ether- 
ized fraction once intraperitoneally — In 


addition, from 3 to 5 cc. of raw stool ex- 
tract were instilled into the nasopharynx 
of the test animal on each of 5 consecu- 
tive days.” (b) Throat swabs. 0.4 or 
0.5 ec. of the prepared eluate was inocu- 
lated into each thalamic area of a monkey.’ 

Animals.+ Macaca mulatta (rhesus) 
und Macaca irus (cynomolgus) monkeys 
were used. Inoculated monkeys were ob- 
served twice daily. Daily temperature 
records were kept. Monkeys were sacri- 
ficed at an appropriate interval following 
the appearance of paralysis. The major- 
ity of the inoculated monkeys surviving 30 
days were killed. A few were used a 
second time in other tests. Segments of 
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brain, midbrain, pons, medulla and spinal 
cord were preserved in formalin. 

Criteria for identification of polio- 
myelitis virus These have been de- 
scribed." A_ positive test in this study 
indicates that the monkey developed pa- 
ralysis and definitive lesions consistent with 
those seen in poliomyelitis were found in 
the spinal cord and elsewhere in the cere- 
bral axis. 

Several strains have been passaged in 
monkeys. None of these strains has pro- 
duced illness in cotton rats, Swiss mice, 
guinea pigs, rabbits or hamsters. 

Results. A. Family studies. There 
were 24 individuals living in 5 house- 
holds. Of these persons, 17 had polio- 
inyelitis virus in their intestinal excreta. 
Among these 17 persons, poliomyelitis 
virus was detected in the oropharynx 
ot 7. 

There were 14 children in these fam- 
ilies (Table 2). All of the children had 
poliomyelitis, for virus was found in 
the stools of 13; the stool specimen from 
one child was not tested, for this pa- 
tient had a paralytic attack. Poliomye- 
litis virus was detected in the oro- 
pharyngeal exudate obtained from each 
of 5 children. 

Among 10 adults poliomyelitis virus 
was detected in stool samples obtained 
trom 4; among these 4, virus was found 
in the oropharynx of two fathers. 
Poliomyelitis virus was not found in 
the remaining 6 adult members of 5 
households which were studied. 

The results of virus studies made on 
these individuals appear in Table 1. 
A brief summary of clinical data con- 
cerning the individuals in each house- 
hold follows: 

Family T.P. (Figure 1.) Residence— 
Olathe, Kansas. On July 5, 1946 the 
family spent a day at Wheeler Park in 
Seneca, Missouri. There, at the park, 
Mr. P. drank sulfur spring water. On 


+ Excepting the first 15 monkeys used in these tests, all others were tuberculin-tested using 
10.0 mg. of human old tuberculin as the test dose. Only those monkeys providing a negative 


> 


tuberculin test were used. Rhesus monkeys weighed between 2 and 7 kilograms: cynomolgus 


monkeys between 2 and 5 kilograms, 
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July 10 he developed an illness which 
lasted 3 days. His illness was character- 
ized by fever (101° F.), vomiting and diar- 
rhea. On July 23, Melinda, aet. 10 
years, complained of sore throat. She had 
fever (101.5° F.) also. On July 25 she had 
headache and vomited. A stiff neck and 
weakness of both arms were found on 
July 28. She was then admitted to the 
hospital. There were 875 white cells/mm 


groups in the right leg. Melanie, aet. 4 
vears, and Tom, aet. 3 years, each had a 
day of illness marked by soreness of the 
arms and legs (July 25-Aug. 1). Mrs. P. 
was in attendance daily at the hospital. 
She did not have a recognized illness 
during the summer. 

In summary, each child in this house- 
hold had a recognized illness. Each 
of these illnesses occurred during a 7- 
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Fig. 1. Schematic diagram of T.P. Family. 
The horizontal lines represent different individuals of the family; their ages and sex appear on the left hand 
ide of the figure. The black area indicates the time of onset and course of a paralytic attack of poliomyelitis; 
the shaded area indicates the time of onset and course of an abortive attack of poliomyelitis; the open area 
ndicates a minor poorly defined illness. The + and 0 marks are placed at the time the sampling of stool and 


throat was done 


in the cerebrospinal fluid; 95°% of these 
were lymphocytes. Paralysis advanced to 
involve the respiratory muscles and after 
. stormy course ‘of illness the patient died 
m Oct. 27, 1946. On July 25, Martha, 
cet. 11 vears, had sore throat and fever 
101° F.). On August 3 she was drowsy 
ind complained that her head ached. 
Her neck was stiff also. Subsequently Dr. 
G. M. Martin, of the department of phy- 
ical medicine, found weakness of muscle 


day period. Poliomyelitis virus was de- 
tected in the stool sample obtained 
from each child and in the oropharynx 
of the fatal case. The detection of pol- 
iomyelitis virus in the excreta of 2 
siblings who had minor illnesses indi- 
‘ates that they had poliomyelitis. The 
brief period during which onset of ill- 
ness occurred in these children suggests 
exposure to virus at a single source. 
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Fig. 3. Schematic diagram of C.D. Family 
The horizontal lines represent different individuals of the family, their ages and sex appear on the left hance 
side of the figure. The black area indicates the time of onset and course of a paralytic attack of poliomyelitis 
the shaded area indicates the time of onset and course of an abortive attack of poliomyelitis; the open area 
indicates a minor poorly defined illness. The + and 0 marks are placed at the time the sampling of stool and 
throat was done. 
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Family H. M. (Figure 2.) Residence 
—Kansas City, Missouri. On about June 
10, 1946 this family went on a picnic at 
Liberty, Mo. On June 15, Ruth, aet. 
7 months, was fussy, vomited and had 
fever (102° F.). She recovered promptly. 
On June 17, Frank, aet. 2% years, felt 
hot; he was fussy and vomited. George, 
aet. 8 vears, on June 18 complained of 
headache. He vomited also. On_ the 
same day Mark, aet. 6 years, had fever 
and vomited. These symptoms persisted 
until June 22 when he regurgitated fluid 
through his nose when he swallowed. He 
was admitted to the hospital where weak- 
ness of muscles of the pharynx and left 
urm was found. There were 66 lympho- 
cytes /mm* in the cerebrospinal fluid. Mr. 
M. became ill on June 20. He had head- 
aches and an “upset stomach,” although 
he did not vomit. He felt that he had 
fever. His illness lasted 2 days. Mrs. M. 
had headache on June 22; no other symp- 
toms appeared. 

In summary, each member in this 
household had a recognized illness. If 
Mrs. M. is excluded, each of these ill- 
nesses occurred within a 5-day period. 
Poliomyelitis virus was detected in the 
stool sample obtained from each child 
and from the father. 

The presence of virus in the stool 
obtained from the siblings and father 
of the paralyzed patient indicates that 
each of these minor illnesses was polio- 
myelitis. The short interval of time in 
which onset of illness occurred in the 
members of this household suggests ex- 
posure to virus at a single source. Pol- 
iomyelitis virus was not detected in the 
oropharynx of any member of this 
household. 

Family C.D. (Figure 3.) Residence— 
Osawatomie, Kansas. The children, Larry 
and Phyllis, played with three children 
in the McK. family, 2 of whom had clini- 
cally apparent poliomyelitis. An abstract 
of the McK. family history follows: 

J. McK., aet. 8 years,—onset 7/21/46— 

meningeal type, abortive 

Z. McK., aet. 5 years,—onset 7/21 /46— 

bulbar, fatal 


L. McK., aet. 2 years,—onset 7/23/46— 
abortive. 
Virus isolation studies were not done with 
members of the McK. family. 

On July 25, 1946 Larry D., aet. 6 
years, had headache, stiff neck and back, 
and fever (103° F.). He was admitted 
to the hospital where he developed paral- 
ysis of arms and legs. He also had dif- 
feulty in swallowing. There were 165 
cells/mm* in the cerebrospinal fluid; 60% 
of these were lymphocytes. On July 29, 
Phyllis D., aet. 2 years, was restless. She 
vomited also. Her mother stated she felt 
“hot.” On admission to the hospital she 
had fever (103° F.) and a stiff back. The 
spinal tap revealed bloody fluid. There 
were 429 WBC and 529 RBC/mm* of 
spinal fluid; 23° of the white cells were 
lymphocytes. Phyllis did not develop 
demonstrable paralysis. Mr. D., aet. 28 
years, was discharged from the Army on 
June 4, 1946. He worked as a laborer 
on the railroad and stated that during 
the month preccding illness in the chil- 
dren he was tired and had experienced 
generalized aches and pains. Mrs. D., 
aet. 28 years, hed headache which lasted 
for 3 days (July 23-26). 

In summary, 2 children and probably 
one adult in this family had a recog- 
nized illness. Each of these illnesses 
occurred during a 6 day period. Polio- 
myelitis virus was detected in the stool 
samples of each of 4 members of this 
household and in the oropharynx of 3 
of these. Poliomyelitis attacked every 
member of this family. As in preced- 
ing households the brief period ensu- 
ing between onset of illnesses in 3 
members suggests exposure at a com- 
mon source. The presence of virus 
in the oropharynx of Mr. D. was re- 
garded as meaning that he acquired his 
sub-clinical infection at about the same 
time as did the others in his family. 

Considering the onset of illness in 
members of the McK. and D. families 
(within an 8-day period) it is not be- 
yond peradventure that poliomyelitis 
virus entered into both family groups 
at the same time and from a common 
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source. If the premise that all mem- mon carrier in the environment of both 
bers of the D. family acquired polio- families. In other words, the 8-day 
myelitis at a common source is correct, period between onsets of illnesses as 
then it appears unlikely that any mem- they occurred among the 9 members in 
ber of the McK. family personally in- — these families is the variation one might 
troduced virus into the D. household — expect in the incubation time. 
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Fig. 5. Schematic diagram of T.R. Family 
rhe horizontal lines represent different individuals of the family, their ages and sex appear on the left hand 
side of the figure The black area indicates the time of onset and course of a paralytic attack of poliomyelitis 
the shaded area indicates the time of onset and course of an abortive attack of 
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(rural) Paola, Kansas. On July 23, 1946, 
this family visited a boys’ camp where one 
of the members within the week had been 
sent to a hospital with poliomyelitis. The 
family visited a cousin who was in the 
camp; however, none of the family got out 
of the automobile. During the last week 
in July a cat on their farm was sick. The 
cat had a stiff and staggering gait. The 
cat died; Mr. C. buried it. About August 
5 he complained that his legs were stiff 
and his arms weak. These symptoms im- 
proved slowly during the next 10 days. 
On August 11 Charles, aet. 7 years, had 
sore throat. His face had a flushed ap- 
pearance. On August 14 he complained 
that it hurt him to bend his neck.  Fol- 
lowing admission to the hospital he devel- 
oped paralysis of the left arm. There were 
1650 cells mm * in the cerebrospinal fluid; 
75°) of these were lymphocytes. Ann. 
aet. 6 vears, became sick on August 13 
with fever (103° F.) and sore throat. She 
was better on the following day, but on 
August 16 complained of headache. Her 
neck was stiff. On admission to the hos- 
pital she had 1184 cells mm‘* in the cere- 
brospinal fluid. Of these 73°7 were 
lymphocytes. She developed paralysis of 
both arms. Mrs. C., aet. 34 years did not 
have a recognized illness. 

In summary, the 2 children in this 
family had paralytic, and Mr. C., father, 
had abortive poliomyelitis. Poliomye- 
litis virus was detected in the stool and 
oropharyngeal samples obtained from 
each of these 3 individuals. Virus was 
not detected in similar samplings ob- 
tained from Mrs. C, 

The onset of illness in the children in 
the household occurred within a three- 
day period. It is not at all certain that 
Mr. C. had poliomyelitis as ear)y as 
\ugust 5. There is some reason to be- 
lieve otherwise, for it appears to be the 
rule that virus is most easily detected 


in the oropharynx within the first week 
of illness. Recent evidence indicates 
that virus can be detected in the 
pharynx | to 5 days before*'* and 1 to 
6 days* after onset of poliomyelitis. It 
would appear probable that Mr. C. was 
seeded with virus at the same time that 
his children were. 

Family T.R& (Figure 5.) Residence- 
Mission, Kansas. Kathryn, aet. 6 years, 
on July 3, 1946 developed sore throat. She 
had fever (102° F.). During the next 6 
days she felt better, but was not com- 
pletely well. On July 9, she complained 
again that her throat was sore and again 
she had fever (104° F.). On July 11 she 
felt better. On July 14, she had nausea, 
headache and a stiff neck. On July 17 it 
was noted that she dragged her right foot. 
She was admitted to the hospital. The 
spinal fluid contained 37 white cells mm‘; 
all of these were lymphocytes. The 
Achilles and patellar reflexes were absent 
on the right. No further paralysis ap- 
peared. On July 10, 1947 Mr. R., aet. 
35 years, had sore throat. From July 20 
to 22 he had headache and backache. He 
was nauseated, and he had diarrhea. On 
July 21, Mrs. R., aet. 34 years, had a day 
of backache. On July 24, Donald, aet. 
9 years, complained that his legs ached. 
His temperature was 100° F. On July 
25, his neck was stiff. He recovered with- 
out further progress of his illness. 

In summary, in this household 2 
children had poliomyelitis. In these 
siblings onset of illness was at least 15, 
possibly 24, days apart. Poliomyelitis 
virus was found in a stool sample ob- 
tained from the abortive case. The 
stool obtained fromm the paralyzed pa- 
tient was not tested. The history of 
minor illness in the parents suggested 
that they had poliomyelitis but tests for 
the presence of virus in the throat and 


‘ I am indebted to Dr, Paul Loran for the privilege of studying this family. 

These data are at variance with those published earlier (Proc. Soc. Exp. Biol. and Med., 66, 
)2, 1947). It is sometimes difficult to decide whether individuals are apparently healthy carriers; 
n the final analysis individuals with apparently trivial complaints, namely headache, backache, 
etc., have been classified as having indefinite illnesses. In the earlier publication some of these 
individuals were regarded as not having had any illness. We feel that this classification is not 
important, and that regardless of.a negative history the presence of virus indicates a subclinical 
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stool (2 monkeys for each stool speci- 
men) were negative. 

In this family study there are seen 
different forces than those seen oper- 
ating in previous households studied. 
For example, it is not unlikely that 
Kathryn had two illnesses, the first, 
with sore throat. beginning July 3, and 
the second, poliomyelitis, beginning on 
July 9. Also, on the basis of the pres- 
ence or absence of poliomyelitis virus in 
brother and parents, despite the history 
of minor illness in the latter, it would 
appear that the siblings were exposed 
independently to poliomyelitis virus, 
and possibly that the parents had no 
intimate exposure to virus, although ex- 
posed to the illness. 

The data assembled here 
that the 
tributed wide ly in certain households in 


point out 


of poliomyelitis IN dis- 
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which the disease appears The seed- 
ing of virus in members residing in 4 
households appears to have been simul- 
and occurred at common 
source. In the last, the T. R. family, 


independent exposures probably 


taneous, a 


curred. 
B. Distribution of poliomyelitis virus 
in throat and feces 


l. illness. We 


have summarized in Table 2 some facts 


According to age and 
concerning the overall distribution of 
poliomyelitis virus in the throat and 
feces obtained from individuals in these 
5 families. 10 adults 7 had 
some complaint, disregarding the ap- 
parently trivial nature of their illnesses. 
Three of these had virus in their stools 
and in one, virus was present in the 
throat sample. The remaining 3 adults 
were presumably healthy during the 


Among 


TABLE2. OvEeRALL DETECTION oF Virus IN THROAT AND FecES ACCORDING TO AGE AND SICK NESS 
Sick Not Nicl Total 
Age Vumber 
Span in Virus wn Virus rus in 
Group ( Y ears) Group Throat I eCCES Throat Feces Throat Feces 
Adults 28-43 yr. 10 1 13 1/3 2/91 
Children 7 moll yr 14 14 13 /138* > 14 13.13 
Total 24 6 20 1620 13 1/3 7/23t 17/23* 
Numerator=positive tests, denominator=individual tests completed 
* One stool from a paralytic case (T.R. family, Kathryn act. 7 vears) not tested 
rOne test was incomplete; See Table 1. 
TaBLe 3. Detection oF Virus IN THROAT AND Feces AccorDING TO TyPE OF ILLNESS AND 
INTERVAL BETWEEN ONSET AND SAMPLING? 
Type of No. of Mean Interval in Days Between 
Illness Cases Onset and Sampling Positive Tests 
Feces Oropharynz* Feces Oropharynz 
Paralytic 7 8.6 6.7 (3.2 6/6 (7/7) +/7 
Abortive 7 7.4 7.5 (2.0 7/% 1/7 
Indefinite 7 11.2 11.2 3/7 1 6 
None 3 13 1/8 
Total 24 17/23 (18/24) 7 /23T 


* Actually these are approximations since in several instances we have found it difficult to 


state the exact time of onset. 
One stool noted above not tested; (7/7) inch 
TOne test was incomplete; see Table 1. 
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period of study; 1 of these had a sub- 
clinical attack of poliomyetitis. in this 
last patient poliomyelitis virus was 
present in the throat and bowel. Of 
14 children, 7 had paralytic, and 7 had 
abortive attacks of poliomyelitis. Stool 
samples from 13 children yielded polio- 
myelitis virus (one stool from a_para- 
lyzed patient was not tested); virus was 
detected in the throat of 5 of these 
children. 

In these households the risk of at- 
tack among children is twice that ob- 
served to have occurred among adults. 

2. According to type of illness. The 
data tabulated in Table 3 indicate that 
it is easy to detect virus in the throat 
of the paralyzed patient. Virus was 
detected in the throat of 4 of 7 para- 
lyzed children. In abortive poliomye- 
litis virus in the throat has not been as 
readily detected as in the paralyzed 
patient. Amony 7 abortive cases whose 
stool samples were positive in only one, 
a child, was virus detected in the oro- 
pharynx. Among those 7 individuals 
adults) whose complaints were so 
poorly defined the classification has 
been difficult, virus was detected in 
the stool of 3, and in 1 it was found in 
the oropharynx. Virus was found in 
the stool and throat of one apparently 
healthy adult. 

It is evident that poliomyelitis virus 
disappears from the surface of the 
throat soon after the onset of poliomye- 
litis. Two major queries arise from 
this observation. Is the difference in 
ability to detect virus in the paralytic 
and abortive types of poliomyelitis an 
indication that there is more virus in 
the throat of the paralyzed patient? 
Or is the interval between onset of 
illness and sampling of great impor- 
tance? 

3. According to interval between on- 
set and sampling. The number of days 
between onset of illness and sampling 
of the exudate in the oropharynx and 
stool among patients, particularly in 
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respect to type of illness, appears also 
in Table 3. 

The duration of the fecal carrier 
state has been studied,” and, except to 
state that virus may be excreted in fe- 
ces for from 3 to 18 weeks, need con- 
cern us no further here. 

A somewhat different situation ex- 
ists in respect to the presence of virus 
in the throat. It was stated earlier 
that virus can be detected readily in 
the early days of illness and even be- 
fore sickness appears’ but the ease of 
detection is reduced markedly after the 
first week of illness. In the present 
series there is little observed difference 
in the mean interval between onset of 
illness in paralytic and abortive at- 
tacks of illness and sampling of the 
oropharynx for virus. The results of 
tests however indicate that virus was 
most easily detected in samples from 
paralyzed patients. 

Actually among the paralyzed cases 
positive throat swabs were obtained 
only during the first few days of ill- 
ness (indicated parenthetically in Table 
3); the inclusion of the negative test 
tends to prolong the mean interval for 
the group, and obscures the true and 
approximate interval in which positive 
tests were observed to occur. In the 
abortive cases the mean interval rep- 
resents quite closely the actual time 
between onset and sampling. The sin- 
gle positive throat in this group (1/7) 
was obtained on the second day of ill- 
ness. 

It would appear that time is the 
essence of importance in sampling, and 
that clinical gravity of illness is of 
little significance in regard to the pres- 
ence of poliomyelitis virus in the oro- 
pharynx. 

Discussion. In résumé there are 
situations favorable to a widespread 
dispersion of poliomyelitis virus in 
households in which the disease ap- 
pears. How virus is seeded in these 
individuals is not in evidence from our 
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data. It for stated 


below, that the seeding and subsequent 
| 


appears, reasons 
implantation of virus in people in 4 
families occurred at the same time. 

It is clear that poliomyelitis 
virus can be detected in the throat and 
in the feces of infected individuals prior 
to the 
This clarifies certain aspects in patho- 
but 


presence of 


now 


appearance of symptoms,*'* 


genesis, not in epidemiology. 
The the throat 
during the prodromal period requires 


interpretation. The throat probably 


virus in 


provides one of the primary niduses 
for implantation of virus, thereby pro- 
viding access to pathways leading to 
the central 
Ward and Walters'* detected 
virus on a face mask containing ma- 
terials expelled from the mouth (or 
nose) in 2 (of 19) patients. Neverthe- 
less it was difficult to find virus in such 


involvement of nervous 


system. 


material albeit these patients were in 
the first 2 or 3 days of illness. In spite 
ot these findings one cannot be certain 
yet that the presence of virus in the 
oropharynx is not of greater patho- 
genic than epidemiologic interest. 

In the present study, it is surprising, 
due consideration being given to the 
demonstrated presence of virus in the 
throats of children, that among intimate 
attendants, namely their mothers, none 
had poliomyelitis virus in the orophar- 
ynx. Although the series is small, this 
is not a sampling error as attested to 
by the negative stool tests in all except 
one. If these mothers are “immune” 
to poliomyelitis they stand in distinction 
to other members of their household. 

There remains a possibility in view 
ot the obscure onset and nature of ill- 
that two fathers might have 
brought poliomyelitis virus into the 
household. 


ness 


This does not appear ten- 
able because virus is present in the 
throat probably a few days before 
after onset of illness, and virus 
was detected in the throat of these men 
at the time that 


and 


same 


it was found 


WENNER, 


TANNER: 


in the oropharynx of other members of 
their families. Hence, it appears that 
virus was seeded in the fathers simul- 
taneously with other family members. 

Primary also occur 
independently in siblings living in the 
This is not a unique 


exposure may 
same household. 
observation, for such primary contacts 
are not uncommonly seen in some dis- 
alimentary 
In particular, in the random 


eases of respiratory and 
origin. 
movements of children between 5 and 
10 years, it is not unlikely that they 
have many opportunities for single or 
repeated exposure to many microor- 
ganisms at least potentially capable of 
illness, and these is 


causing among 


poliomyelitis. In some households 
there. are members who are exposed 
in an experience in which other mem 
These 
individuals the 


family, and while circumstantial evi- 


bers of the family do not share. 


introduce virus into 


dence suggests that they may seed 
it among other residents, it is not clear 
beyond peradventure that they do. 
The validity of using simultaneous 
appearance of illnesses in members in 
a group to indicate common exposure 
to a microorganism is questionable un- 
less the broad limits of the incubation 
and 


asmuch as the mode of spread and the 


period are known. Horstmann 


Paul’ have discussed this problem. 
extra-neural pathogenesis of polio- 
myelitis has not been succinctly defined 
the prodomal period in poliomyelitis 
is a matter of opinion. 

Precisely what the are 
which determine a widespread seeding 
of poliomyelitis virus in the family are 
not known. Zintek'* has suggested a 


situations 


common vehicle rather than a person. 
To this we agree. 
Summary. 1. A study of 5 families 
in which poliomyelitis appeared pro- 
vided evidence of a widespread distri- 
bution of 
households. 


2. There were 24 members in these 


virus in members of these 
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households; 17 had poliomyelitis virus 
in their intestinal discharges; in 7 virus 
was detected in the throat. 

3. Poliomyelitis virus was detected 
in stool samples of 13 children, and 4 
adults. Virus was present in the throat 


of each of 5 children and 2 adults. 


4. On the basis of history of onset 
of illness and isolation of poliomyelitis 
virus in members of 4 households it is 
suggested that virus was seeded in 
respective members at a common 


source. 
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It has been amply demonstrated, 
within the past 2 years, that synthetic 
5-methyl uracil (thymine) (Fig. 1) is 
capable of producing a clinical and 
hematologic response in the patient 
who has macrocytic anemia of perni- 
cious anemia, of nutritional deficiency 
disease, and of tropical sprue. It has 
been pointed out by Spies and _ his 


THYMINE 
(2, 4, Dioxo — 5 — methyl pyrimidine) 
H—-N-—C=0 
OoO=C C — CH 


H-—-N-—C-—H 
FIGURE 1. 


associates'**’ that this clinical and 
hematologic response parallels that 
which follows the administration of 


folic acid, provided the dose of thymine 
is several thousand times that of folic 
acid. Spies and Stone’ have noted 
further that thymine, like folic acid, 


is not an effective agent in the preven- 
tion of subacute combined degenera- 
tion in patients with Addisonian per- 
nicious anemia. They noted also that 
it is not effective in retarding the prog- 
ress of subacute combined degenera- 
tion once it has been initiated. 

The present study, unlike any pre- 
viously reported, is concerned with the 
maintenance of 3. selected patients, 
suffering from tropical sprue in relapse, 
for at least 1 year after the administra- 
tion of large doses of thymine. 
white 
were 


Three 
woman) 


Materials and Methods. 
2 and ] 


Cubans (2 men 
selected for study, using the following 
criteria: 


1. The patient must have a macrocytic 


anemia with a red cell count of 2.5 
million or less per ¢.mm. and a color in- 
dex of 1.0 or more. 


2. There must be megaloblastic arrest 
of the sternal bone marrow. 

3. The patient diarrhea 
characterized by voluminous foul-smelling, 
frothy, liquid, yellow stools, with an in- 
fat by 


must have 


creased content as determined 


* Northwestern University Studies in Nutrition at the Calixto Garcia Hospital, Havana, Cuba, 


in cooperation with the University of Havana. 


+ This study was supported by grants from the Martha Leland Sherwin Memorial Fund 
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chemical analysis. 

4. He must have glossitis. 

5. There must be free hydrochloric 
ucid in the gastric juice on fractional 
analysis after histamine stimulation. 

6. He must have a flat oral glucose 
tolerance curve as determined by an in- 
crease in blood glucose of no more than 
10 mg. per LOO ce. in subsequent blood 
samples compared to the fasting speci- 
men, no sample being greater than 105 
mg. per 100 ce. 

7. The intestinal pattern on radiography 
must have a “moulage” appearance and 
other findings consistent with a diagnosis 
of sprue. 

8. The patient must have had a body 
weight loss of at least 20 pounds during 
the 6 month period preceding the initiation 
of the study. 

9. He must have had no specific thera- 
py within the 5 weeks preceding the initia- 
tion of this study. 

The patients selected were admitted to 
the Calixto Garcia Hospital. In each 
case, a complete medical and dietary 
history was obtained and a_ complete 
physical neurological examination 
made. Packed cell volumes (P.C.V.) with 
blood indices were determined prior to 
Daily erythrocyte, 
leukocyte, hemoglobin, reticulocyte 


and after therapy. 
leter ‘re made | ‘thod 
determinations were made by methods 


THYMINGE 


S groms orelly 


previously described.‘ Before therapy was 
initiated and at the peak of retiéulocytosis, 
sternal bone marrow was obtained by 
aspiration. Gastrointestinal Roentgen ray 
examinations were done by Dr. R. L. Her- 
nandez Beguerie before treatment and on 
the 15th day of therapy. Glucose tolerance 
tests were done before and after treat- 
ment. The stools were examined for para- 
sites by Dr. Arturo Curbelo and cultured 
for bacteria by Dr. Pedro Kouri. Gastric 
analyses were done by Dr. Aureliano 
Rodriguez. The diet of each patient, 
which was rigidly controlled throughout 
the time the patient was in the hospital, 
contained no meat, meat products, fish, 
fowl, milk or eggs. All other foods were 
allowed in any amount desired. 

After baseline studies were completed, 
each patient was given a total of 15 
grams of synthetic 5-methyl uracil daily 
in two 7.5 gram doses, one at 10 a.m. 
and one at 3 p.m. The material was 
suspended in a half glass of water im- 
mediately before administration. The pa- 
tients remained in the hospital until they 
had gained weight and strength and until 
their blood values approached normal. 
When they were discharged, they were in- 
structed to eat a diet high in calories, 
protein, minerals, and vitamins and _ to 
return at regular intervals for follow-up 
studies. 
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1G. 2.—Case 1.—-Hemopoietic response and weight during thymine therapy and for 1 year thereafter. 
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Observations. Following the ad- peak on the 8th or 9th day and was 
ministration of 5-methyl uracil, a defi- followed by an increase in erythro- 
nite hematologic response took place cytes and hemoglobin. Examination 
in each of the 3 patients as can be of the sternal bone marrow obtained 
seen in Figures 2, 3, and 4 and in the on the day after the peak of reticulo- 
summary of cases shown in Table 1. cytosis showed that in each case the 
Reticulocytosis, which began on the marrow had changed and that it now 
4th or 5th day of therapy, reached a contained more normoblasts, with al- 
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ic. 4.—Case 3.—Hemopoietic response and weight during thymine therapy and for 1 year thereafte1 
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most complete obliteration of the mega- 
lcblastic arrest seen in the preparation 
cbtained before therapy was initiated. 
Clinical improvement began at ap- 
proximately the same time as reticulo- 
cytosis. The patients stated that they 
felt stronger and their appetites re- 
turned. The glossitis and burning and 
soreness of 
and the stools returned toward normal 
although they did not become com- 
pletely normal for six weeks. Gastro- 
intestinal Roentgen ray findings follow- 
ing therapy were similar to those al- 
ready reported from this clinic.? Each 
of the patients gained weight in the 
hospital and was free of symptoms at 
the time of discharge. 

During the year which has elapsed 
since these patients were given mas- 
uracil, their 
blood values have been maintained at 
normal levels. They appear to be in 
excellent health and are working hard 
every day. 


the tongue disappeared, 


sive doses of 5-methy] 


They have had no recur- 
rence of diarrhea or other alimentary 
tract symptoms. The authors have 
observed a few patients with tropical 
sprue, however, whose alimentary tract 
symptoms did not disappear completely 
on thymine, folic acid or liver extract 
therapy. 


ARAMBURU, 


SPIES: 


l. The 


present study shows that massive doses 


Summary and Conclusions. 


of synthetic 5-methyl uracil (thymine) 
are effective in inducing a hematologic 
and clinical response in persons with 
tropical sprue in relapse. 

2. For the first time it is reported 
that the general 
health of patients with tropical sprue 


blood values and 
in relapse were maintained for at least 
a year after the administration of large 
doses of synthetic thymine. 

3. In these patients with tropical 
sprue there was no evidence of sub- 
at 
time during the course of the study. 


acute combined degeneration any 
In our studies of patients with Addi- 
sonian pernicious anemia in the United 
States, we have learned that thymine, 
like folic acid, neither prevents the 
cevelopment of subacute combined de- 
generation in these patients nor does 
it retard it once it is initiated. 

1. The not recommend 


authors do 


thymine as a_ practical therapeutic 
agent as it has no virtues over folic 
acid which have been demonstrated 


so far, and it takes several thousand 
times the dosage to produce a response 
equal to that which follows the ad- 
ministration of folic acid. 
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THE HEALING OF RESISTANT SKIN ULCERS 
AFTER TREATMENT WITH NITROGEN MUSTARD 


A PRELIMINARY NOTE 


By JULIAN ALEKSANDROWICZ, M.D. 
CRACOW, POLAND 


(From the IL Medical Clinic of the Jagiellonian University, Cracow 
| Director: Prof. Dr. T. Tempka]) 


In the course of an investigation on 
the therapeutic value of nitrogen 
mustard, it was observed that skin 
ulcerations, resistant to all previous 
forms of tréatment, started to heal. 
These properties of nitrogen mustard 
to our knowledge have not been here- 
tofore described in the literature. 

This observation was accidentally 
made while using nitrogen mustard for 
a neoplasm of the spine on a 23 year 
old patient suffering also from a large 
decubitus. Although the nitrogen mus- 
tard treatment had no therapeutic effect 


on the neoplasm, the ulcer was covered 
in 5 to 10 days with epithelium and the 
pain had decreased. 

Another case was a patient, 42 years 
old, who had undergone an operation 
for carcinoma of the penis followed by 
irradiation with large doses of x-ray in 
the inguinal region. After the last 
series of irradiation in February 1947, 
an ulceration appeared in the right 
groin and in spite of various forms of 
treatment, it continued to spread and 
deepen. He was admitted to the 
clinic in September 1947 with a wide- 


Fig. 1.—Uleeration in the right inguinal region caused by irradiation with large doses of 
¥-rays (carcinoma penis), Before treatment with nitrogen mustard. 
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Fig. 2.—Same ulcer 2 months later after treatment with nitrogen mustard 


Fig. 3.—Same ulcer after 18 weeks. 
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spread deep wound affecting three- 
fourths of the right groin (Fig. 1). 
Nitrogen mustard treatment was_ in- 
stituted after determining his sensitivity 
by the aid of the skin test' developed 
in Our laboratory. 

The test is performed as follows. 
\fter removing all traces of fat from 
the skin of the forearm, one drop each 
of | 0.1°¢ and 0.01° alcoholic solu- 
tion of nitrogen mustard is applied to 
the surface of the skin and the changes 


are observed after 24 and 48 hours. 
The skin to which the solution has 
been applied becomes red in most 


When the red- 
dening appears in the place where 1‘; 
solution has been applied, the reac- 


cases after 24 hours. 


tion is regarded as positive (+); when 
reddening appears with 0.1% solution 
it is a strong positive reaction (++); 


and with 0.01% solution it is a very 
strong positive reaction (+--+ +). In 
very strong positive reactions a wheal 
may appear. 

In our experience these skin tests 
have proved of value in determining 
mustard. In 


the majority of cases we have observed 


the dosage of nitrogen 
that the systemic toxic symptoms run 
parallel to the skin tests. Our patients 
with a reaction tolerated only 
(0.025 mg. per Kg. of nitrogen mustard. 
Patients with a reaction tolerated 
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0.05 mg. per Kg. and patients with a 
reaction tolerated 0.1 mg. per Kg. 

\fter the patient received 6 mg. of 
the drug intravenously daily for 6 days 
the pain disappeared, the floor of the 
ulceration was covered with granula- 
tion tissue and the edges showed a 
marked tendency to contract. He then 
received, at 2 six-week intervals, series 
of nitrogen mustard consisting of 3 
and 2 intravenous injections respective- 
ly of 6 mg. each. The wound con- 
tinued to decrease in size, the granula- 
tion extended to the surface of the 
skin and was covered with epithelium. 
By the middle of November the area 
of the much smaller, the 
floor had risen to the level of the skin 
and was partially epithelialized (Figs. 
2 and 3). 


We have made similar observations 


ulcer Was 


in other cases and found that nitrogen 
mustard affects superficial decubitus 
as well as deep skin ulcerations re- 
sulting from x-ray burns, which as we 
know are among the most difficult of 
skin wounds to heal. 

These observations are submitted as 
a preliminary report. Further inves- 
tigations are being carried out in our 
clinic on the response of other non- 
malignant types of lesions of internal 
organs to nitrogen mustard. 


|. Aleksandrowicz and A. Wolanski, to be published. 


THERAPY OF ACUTE FLUORIDE POISONING 


By Joun H. Perers, M.D.° 


ASSISTANT IN MEDICINE, YALE SCHOOL OF MEDICINI 
NEW HAVEN, CONNECTICUT 
From the Department of Internal Medicine, Yale University School of Medicine and the 
Medical Service of the New Haven Hospital 
Tue literature dealing with the bio- have tended to mini- 


logical effects of fluorine and fluorides 
has grown rapidly in the last three dec- 
ades. The principal incentive for this 
was the discovery in 1931 that natu- 
rally occurring fluorides could and did 
affect dentition**. The and 


ubiquitous uses of fluorine compounds 


many 


in agriculture and industrv have also 
inspired much investigation of the tox- 
icity of fluorides. 

In the interests of clarity, fluorosis 
may categorically be divided into 3 
types: (a.) Chronic, low-dose poisoning, 
giving rise to dental defects and _ per- 
haps to other less well understood phe- 
nomena. This type of poisoning is not 
known to cause physical incapacitation, 
and is primarily the result of ingestion 
of excessive amounts of naturally-occur- 
ring fluorides in drinking water sup- 
plies. (b.) Chronic, high-dose poisoning, 
resulting in (Roholm’s 
fluorosis” other  af- 
which vy affect 
the victim’s subjective well-being***. 
This type is usually associated with in- 
dustrial exposure of workers, or of the 
inhabitants of industrial regions.* 
Acute fluoride intoxication due to 
ingestion or inhalation of relatively 
large amounts of fluorine in elemental 
form or in chemical compounds. 

The third form, acute fluoride intoxi- 
cation, be it accidental, suicidal or 
homicidal, has not been examined with 
the same vigor that has characterized 
the investigation of the other two. Re- 
views of fluorine physiology and tox- 


bone disease 


“crvolite and 


flictions may seriously 


(c.) 


® Present address 


(278 ) 


mize the significance of acute effects. 
Quantitative or metabolic studies of 
this condition have been few, and the 
important implications of some of the 
available data have not been appreci- 
ated. It has therefore seemed advisable 
to employ a case report as the frame- 
work for a discussion of certain perti- 
nent aspects of the acute type of fluo 
rine poisoning. 

CASE REPORT. F.B.M., No. A57262, a 
16-vear-old, white, unmarried, schoolgirl-store 
clerk, was brought to the emergency 
the New Haven Hospital on October 8, 1946 


room ot 


at 9:45 a. m. Her uncle, who brought her to 
the hospital in his car, stated that she had 
awakened him 20 minutes earlier to inform 


him that she had just taken poison following 
mother. She had als 
complained of severe stomach pain. The pa- 
tient admitted to taking one-third or one-half 
of a drinking glass of roach powder mixed 
with water. 


an argument with her 


luded 
the hospital s clinics for minor complaints She 
had had no known 
The family 


agencies had been repeatedly called on be 


Previous history several visits te 


serious illness or injury 


was broke n and SOC ial and le gal 


cause of poverty ind a sibling’s moral of 
tenses. 

Admission examination: T99.6 P SO R 16 
B.P. 120/80. The patient was a well-deve lope d 
and nourished, acutely adolescent 


than her 
stated. age. Positive findings follow. She lay 


ill, white, 


female, appearing somewhat older 


motionless on a stretcher, responding dull 
and reluctantly to questions and asking that 
allowed to die. At 
racked by abdominal cramps which cause« 


she be intervals she wa 
her to writhe and cry out in pain; these wer 


usually followed by emission of cloudy opa 


lescent, bright green vomitus and involuntary 
watery diarrhea. The skin was dirty and pak 
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with marked erythema and slight induration 
at sites of contact with vomitus on face, neck 
ind chest. 

The mucous membranes were quite pale. 
There was periodic emission of a watery mu- 
cinous discharge from the nares mixed with 
vomitus. Salivation was profuse and watery. 
Phe pharynx was injected. The thyroid was 
easily palpable and diffusely enlarged. Respir- 
itory motions were slow and shallow. Large 
mature, tense breasts showed easily visible 
periareolar venous nets. The lung fields were 
clear except for loud, coarse tracheal ronchi. 
Aside from tachycardia, precordial signs were 
not revealing. A tense, scaphoid abdomen 
emitting grossly audible peristaltic rushes at 
| to 5 minute intervals was tender through- 
out, even to light touch. 

Course and treatment: The immediate im- 
pression of the emergency room staff was that 
the poison had been arsenic. The stomach was 
washed and magnesium sulfate administered 
by tube. The author saw the patient 30 min- 
utes after admission, and in the interim the 
pulse had risen to 100, respirations had fallen 
to 12, and the blood pressure was only 100/70. 
Intravenous injection of 1,000 cc. of a 5°‘ 
solution of glucose in distilled water was 
started, and the girl's uncle was dispatched for 
the poison container. Since the blood pressure 
ontinued to fall, 500 cc. of pooled plasma 
vere started at 11:30 a. m. Shortly thereafter 
the poison can was produced, and it was 
found that the substance had been sodium 
fluoride roach powder, a legally-required pig- 
vent accounting for the bright green color 
f the vomitus. 

Lime water (0.15% Ca(OH).,) was imme- 
liately obtained and 4 ounces administered by 
nouth, followed by 1 ounce every 30 min- 
ites for the next 12 hours. A continuous in- 
ravenous infusion of alternating glucose so- 
ition and of normal saline (plus 1 pint of 
vhole blood) was maintained during the 
rst 24 hours to combat enteric fluid loss and 
hock. This included 2,500 cc. of 10% glu- 
ose and 1,000 cc. of normal saline, making 
total parenteral fluid intake of 5,500 cc. 
uring the first 2 hours of treatment the pa- 
ent improved noticeably, although the tem- 
erature rose to 102 and acute discomfort 
mtinued. Digifoline (8 cat units) was ad- 
\inistered intravenously to facilitate full digi- 
lization should indications appear, but none 
veloped 

Calcium gluconate was kept in a syringe at 
bedside, and when some 4% hours after 
Imission, the patient developed positive 
hvostek and Trousseau signs and com- 


plained of numbness and tingling of the ex- 
tremities, two ampules were administered in- 
travenously with prompt relief. Additional 
calcium gluconate was administered in the 
continuous infusion during the first night. 
Later in the afternoon the patient vomited up 
bright red specks of tissue, one or two of 
which measured as much as 1 by '% by's cm. 
On microscopic examination these proved to 
be plates of mucosal epithelium, presumably 
gastric. Examination of a blood sample for 
hemolysis at this time was negative. The lo- 
cal ervthema of face and chest (“vomitus 
burns”) was still noticeable 7 hours after ad- 
mission. 

The next morning, 24 hours after poisoning, 
the patient was dramatically improved. Al- 
though complaints of aching and tingling of 
the arms suggested recurrence of tetany, ab- 
sence of other signs caused this to be ascribed 
to frequent venepunctures and to the intra- 
venous infusions. A subsequent determina- 
tion of serum calcium confirmed _ this 
(Table 1). A liquid diet was given, and on 
the 3rd hospital day a full diet was resumed. 
Temperature returned to normal 48 hours 
after admission, and on October 11 the pa- 
tient was sitting up in a chair virtually re- 
covered. 

An Ascheim-Zondek test on October 14 
was positive. The patient then admitted that 
she had taken the poison to avoid the de- 
rision that had greeted two neighborhood 
girls who had borne children out of wed- 
lock. After 7 days in the hospital she was 
discharged to court custody in accordance 
with law. Some weeks later she was married. 

The patient was followed in prenatal clinic, 
although irregularly because of her recalci- 
trance. Gestation was uneventful except for 
mild anemia and an isolated instance of 
glycosuria (1+) which was not subsequently 
confirmed. On May 26, 1947, she bore a nor- 
mal son at term, and post-partum examination 
in July, 1947, revealed no abnormalities. 

Pertinent laboratory data include: on Oc- 
tober 8, 1946, 14,000 leukocytes (16% non- 
segmented, 62% segmented neutrophils, 
18% lymphocytes and 4% monocytes); on 
October 16 the count was 6,800 (4% non- 
segmented, 65% segmented neutrophils, 21% 
lymphocytes, 6% monocytes and 4% eosino- 
phils). On 5 occasions the urine was negative, 
except for glycosuria during glucose infusions. 
Roentgenograms of chest and long bones were 
negative, but some teeth were found carious 
and abscessed. On October 11, the electrocar- 
diogram was found, “probably normal, with 
borderline large Q,.” On October 15 the 
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roth ib time was normal and the stool 
cative r blood. Chemical data are sum- 
Tl ed | ible l 
Discussion.—Cuemistry. The phe 


nomena observable when the human o1 


animal is exposed to fluorine gas or to 


chemicals containing fluorine are in 
part directly ascribable to known 
chemical and physical properties of 
these compounds. Fluorine is . well 
characterized as one of the most “ac- 
tive’ of the elements. Of a total of 
208 compounds containing fluorine 
listed in standard tables of inorganic 
chemicals 55, or over 25%, de- 
compose in water, and information is 
lacking for 20 others. Elemental fluo- 
rine and its acid, HF, are well known 
Taste | ANA 
Blood ( 
per LOO « Content Cl 
D S t NPN meq. meq 
0 75 
LO +f 8] 
70 
Not e ot blood sugars of 10/8 and 
S concentration not determined pri 
20 ter 25 gm. of glucose, 74 n 


for their corrosive properties. On the 
other | 


as CaF 


iand certain fluorine salts, such 
ind MgF». are quite insoluble, 
and many of them are widely dis 
tributed in rocks and soils.'® 
The simplest effect of fluorine on the 
animal organism is a corrosive one, seen 
on skin contact, inhalation or ingestion 


ot 


pounds. This effect consists of superfi- 


volatile or soluble fluorine com- 


cial or dee p erosive burns of skin or of 
respiratory or digestive mucosa.'*:'® 
In the of F.B.M., this effect 
was apparent both on the skin areas 


Case 


in contact with vomitus and later from 
the vomiting of digestive tract epitheli- 
um. A specimen of the vomitus, sealed 
and stored in the refrigerator for medi- 
co-legal 


Was 
pur} 


found to have etched the glass vial in 


which it was placed. Presumably the 
reaction with gastric contents proceeds 


as follows: 


subsequently 


UTE FLUORIDE POISONING 


NaF+HCIl HF-+NaCl. 
It is probably justifiable to assume 
that the intense intestinal activity with 
and 


borborvgmus, vomiting 


all 


acute poisoning seen 


cramps 


diarrhea, Common symptoms of 


this 
and repeated in others, are the result 


in patient 
of this corrosive effect. It is also likely 
that the 16,44 
the kidney damage noted at autopsies 


renal irritation! and 
are attributable to the same mechanism 
of the 


fluorine compounds by the excretory 


accentuated by concentration 


mechanism!?:!8 

\ less immediate but equally impor 
tant ettect of 
once it has entered the circulation, is 


large doses of fluoride 


its combination with calcium to form 


LYSES IN PATIES 
n r LOO 100 
Prote Alby Calcir Phosphor 
6.85 1.900 1.70 61 
) t } text 
t it t i 


This effect in 
utilized for the 
of blood In 


humans the ef- 


the insoluble salt CaF 
the test tube has been 
prevention of clotting 
the intact animal or it 


fect on clotting apparently is not an 
important factor in the outcome of 
acute poisoning*’, although a_ rela- 


tionship between coagulation time and 


low-dose fluorosis has been 
One that 


coagulation of the blood is actually 


chronic. 


recorded". group reports 


increased in fatal human poisoning." 
This 


creased 


observation may represent  in- 
to shock 


rather than a specific fluoride effect 


viscosity secondary 


The author and his associates have not 


similar phenomenon in rats”. 


It seems most probable that hemorrha- 


ed a 


gic phenomena noted by many ob- 
servers in intestinal mucosa at autopsy 
are secondary to local corrosive action 
rather than to any generalized vasculai 
reaction or clotting disturbance. A pro- 
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thrombin time determination on F.B.M. 
was normal. No bleeding tendencies 
were noted. A coagulation time was 
technically unsatisfactory and is not 
reported. 

The most dangerous clinical result 
of this biological inactivation of cal- 
cium is tetany which may, and fre- 
quently has, ended 
although the tetanic nature of agonal 
motor disturbances have not always 
been recognized.“* It seems probable 
that many of the “convulsive” phe- 
nomena reported in fatal fluorosis were 
unrecognized tetanic states. The ap- 
pearance of tetany is usually delayed 
for 3 to 6 hours after ingestion*’. 
Oral and parenteral calcium are there- 
fore important adjuncts to therapy, the 
former to intercept unabsorbed fluo- 
ride, the latter to replace precipitated 
serum calcium. The efficacy of such 
therapy was demonstrated in the case 
of F.B.M. whose clinical tetany, appear- 
ing after a typical time interval, disap- 
peared promptly on administration of 
calcium gluconate. Unfortunately it 
was not possible to obtain a serum 
calcium level until 24 hours after ther- 
apy. Others have demonstrated simi- 
lar improvement in the treatment of 
human cases*® and in animals*!:43.47,50, 
(although no effects are demonstra- 
ble with small doses?’). The time 
interval between fluoride exposure 
and the onset of tetany is so short that 
it is improbable that one is dealing with 
gastric tetany. Nevertheless chloride 
loss from emesis undoubtedly contrib- 
utes in part to the depletion of ionized 
serum calcium. 

The author and his  associates* 
have found that calcium and magne- 
sium salts exert a definite protective 
action in rats given sodium fluoride 
by gavage. Preliminary experimental 
data indicate that magnesium does not 
potentiate fluorine toxicity under our 
experimental conditions. Of 151 young 
rats given 0.5 gm. of sodium fluoride, 


25 (83°%) died within 48 hours. When 
10 rats were given 0.12 gm. of calcium 
chloride, followed by 0.05 gm. of sodi- 
um fluoride, only 2 (5°¢) died in the 
first 2 days. When the calcium chlo- 
ride was given 5 minutes after the 
fluoride (20 rats) the mortality was 
10°%, and when the interval was in- 
creased to LO minutes (46 rats) mortal- 
ity rose to 63°,. A dose of 0.12 gm. 
magnesium sulfate in place of calcium 
chloride gave comparable results. 
When calcium fluoride alone was given 
(0.05 gm.) to 35 rats, the mortality re- 
mained low, 3 out of 35 rats dying in 
the 48 hour period (9°%). Mortalities at 
24 and at 72 hours showed no signifi- 
cant deviations from these figures. This 
appears to contradict previous evi- 
Ranganathan*® 
who used lower dosage over a longer 
period and found that magnesium flu- 
oride was, if anything, more toxic than 
the sodium salt, causing him to con- 
clude that fluoride toxicity was not a 
simple function of salt solubilities. 
Studies by others of the effects of sev- 
eral relatively insoluble fluorides have 
confirmed a direct relationship between 
solubility biological  effect.*°-*° 

Recently it has been suggested® 
that glycolysis in defibrinated blood 
may be obliterated by a similar mech- 
anism, namely the formation of the 
highly insoluble fluorides of magnesi- 
um and calcium, thus removing an ion 
or ions which conceivably participate in 
this type of glucose catabolism. Fluor- 
ide blockage of glycolysis had long 
been and has been 
a valuable tool in the study of cellu- 
lar metabolism, but the mechanism of 
the blockage is as yet incompletely un- 
derstood. 

It is not possible to predict the clin- 
ical resultant of the effects of fluoride 
on carbohydrate metabolism. Data in 
humans are virtually non-existent. Han- 
dler has produced hyperglycemia in 
rabbits which is counteracted by insu- 


dence obtained by 
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lin and later he and_= his associ 
ates obtained similar findings in rats 

In the case presented here lable 


1) the blood sugar was elevated on 2 
occasions and glycosuria was noted. 
Untortunately interpretation of results 
is complicated by the fact that the pa- 
tient was receiving glucose by vein. The 
subsequent glucose tolerance test  in- 
dicates that any carbohydrate disturb 
ances which may have occurred were, 
for clinical purposes, completely re- 
versible. There seems to be no evidence 
that chronic fluorosis causes glycosuria 
despite prolonged absorption and stor- 
of appreciable amounts of fluor- 
ide.*** It has been noted that the fast 


ing state predisposes to hypoglycemia 


age 


rather than hyperglycemia after fluor 
ide' This has been interpreted as 
ot ot 


Insulin to 


glycogen to some ex- 


in indication inactivation liver 


phosphatase.* seems 
tect the 
tent Although the use of insulin was 
discussed 
F.B.M 
of serious disruption of carbohydrate 


ot 


made it unnecessary. 


pro- 
liver 


in planning therapy for 


the absence of definite evidence 
metabolism or acid base balance 

Fluorides inactivate numerous other 
enzymes in the 


and it seems obvious that 


or enzyme systems 


body 
many of the seemingly paradoxical phe- 
nomena observed are the resultants of 


several simultaneous 


interruptions of 
will be noted 


above that F.B.M. was given a digi- 


normal mechanisms. It 
talis compound prophylactically. This 
was in accordance with instructions on 
the label of the box of roach powder 
from which she obtained her poison. 
Subsequent study of the literature has 
failed to reveal evidence 
that any disturbances which 
may occur are at all distinct from those 
to be expected with shock and circula- 
tory collapse. 


convincing 
cardiac 


In the test tube sodium fluoride mav 
cause hemolysis if concentrations rise 


too high.S This phenomenon 


rE FLUORIDE 
not been observed in intact animals o1 
in human cases 


BoM. Blood 


enough to cause hemolysis are proba 


nor was it present in 
fluoride levels high 
bly not compatible with life. 


SHOCK, 


paniment of all corrosive poisons, has 


although a common accom 


received too little attention in discus 


sion of fluoride damage. The effects 
of ingested fluoride on the digestive 
tract are prompt, dramatic and dan 
gerous. In short” interval large 


amounts of fluid mav be lost through 
diarrhea By 
estimate ol measure- 
F.B.M.’s fluid the first 
two hours was 1.500 ce. passed by eme 
This to 


clude profuse salivation and perspira- 


violent emesis and con- 


servative 


ments loss in 


sis and per rectum. tails in- 


tion. The abdominal pain experienced 
by fluoride-poisoned individuals is also 
in producing 


a contributory factor 


shock. 


be no available evidence that fluorine 


As noted above there seems to 
compounds have a specific effect on 
the heart or peripheral vasculature, but 
their ettects 
probably contribute to circulatory in- 


general tissue-toxicity 


efficiency. A dangerous sequella ot 
peripheral circulatory failure is oligu- 
ria, causing increased fluoride concen- 
tration in urine and thus potentiating 
tract damage. 
F.B.M.’s urine volume was well main 


urinary irritation and 
tained throughout, and no evidences of 
renal irritation were noted. 

The occurrence of pregnancy was a 
provocative element in this case. Trans- 
fer of fluoride through the placental 
barrier to unborn rats has been dem 
Fetal death 
seemed a likely possibility with such 
though 


onstrated.*” or damagt 


intense, transitory, exposure 
Actually the child was grossly normal 


all Whether not its 


subsequent development reveal 


in respects. or 
will 
stigmata of the toxic exposure remains 
to be seen. 
OCCURRENCE. ot 


Reported cases 


fluoride poisoning are predominantly 
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accidental in origin. Crystalline or pow- 
dered sodium fluoride, the commonest 
offender, resembles) many common 
kitchen comestibles, and it has been 
mistaken for baking soda*t!*, Epsom 
salts’? baking pow- 
dered milk", Rochelle salts'*", starch’ 
and laxative salts*", 

Suicides have been reported but are 
not common?:!6.18.27,36,45.55 Tt is inter- 
esting in this regard to note that stand- 
ard criminological works ignore fluorine 
poisoning entirely’! Only 2 recorded 
instances of the use of fluoride with 
malice aforethought have been found, 
one in which an institutional helper 
tried to discredit a cook by a mass poi- 
soning-* and one where a man poisoned 
two elderly females?*. That such a le- 
thal poison has been neglected by 
the murderer is doubtless due to its 
relatively recent appearance® and_ to 
widespread popular acquaintance with 
less effective agents. 

THe Leruat Doser of fluoride in hu- 
mans is not easily determined. As Gett- 
' has pointed out, the dose taken 
is otten unknown and the amount re- 


ler! 


jected in vomitus (or diarrhea) may be 
large. The statement'* that the aliquot 
unabsorbed but remaining in the in- 
testines is not contributory to fatality 
is open to question in view of the in- 
tense local irritant action discussed 
tbove. Several instances of deaths re- 
sulting from the swallowing of 4 to 5 
gm. of sodium fluoride are avail- 
able!!!2!85" and from this it is inferred 
that the average adult, if untreated. 
will succumb to this dosage. F,B.M. 
swallowed about 4 ounces of a thicker- 
than-cream suspension of 95°, sodium 
fluoride in water (estimated to have 
been 50 to 80 gm.), the largest dosage 
from which a human has been known 
to recover. Undoubtedly early vomiting 
ejected much of this. 

Tuerapy. The theoretical consid- 
erations noted above offer a basis for 


logical therapy which is of utmost im- 
portance in prognosis. The need to 
identify the nature of an offending poi- 
son should always be obvious. In fluor- 
ide poisoning this need is accentuated 
by the high toxicity of fluorides and 
by the availability of specific therapy. 
Tragedies have occurred which might 
have been prevented had it been pos- 
sible to identify the — offending 
agent!:!* 

The physician who identifies the 
toxic agent as fluoride must still cope 
with the problem of therapy. Toxicolo- 
gists stress postmortem findings, lethal 
doses and to a lesser extent clinical 
phenomena, but are not usually con- 
cerned with In 1945, 
Rabinowitz’? in a valuable discussion 
analyzed the information in standard 
toxicology and pharmacology texts and 
found it sadly wanting. The author in 
an emergency trip to the library for 
information found in Rabinowitz’s pa- 
per the clue to the therapeutic program 
employed for F.B.M. One clinical au- 
thor realized the importance of cal- 
cium therapy 10 years earlier*!. An 
outstanding therapeutic text mentions 


oral calcium but not intravenous use 
41 


Textbooks of medicine*"! are similarly 
lacking in pertinent information. One 
pediatrics text notes the tetanic effect 
of fluoride and the necessity for paren- 
teral as well as for oral calcium". 
Thus the clinician in an emergency had 
only one easily-available source of 
sound therapeutic advice’? and that an 
extremely short note. The following 
general outline of therapy is therefore 
offered: as one which would seem to 
be the most rational and specific life- 
saving program in the light of current 
knowledge of fluoride metabolism. 

1. Act quickly. Fluoride may kill in 
a few minutes, and 3 to 4 hours after 
ingestion is the most frequent reported 
lethal interval. 

2. Start intravenous therapy with 


lhe first recorded case of fluoride poisoning dates from 1899.1 The homicidal use of arsenic and mercury, 
f course, has been common knowledge for at least five and a half centuries. 
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VitlCOse rmal saline promptly both ihe wartime introduction of a pow: 
in blood sugar in case of  eriul fluorine-containing rodenticide 
ad to sodium: monofluoracetate, which has 
have venous Channel available for since been widely used in civilian ex- 
! 
transtusion. Shock may kill despite cal termination, presents a serious poten 
1m tin] human hazard. No information re 
\\ the stomach gent. vith sal rding the effectiveness of the type of 
r preterably with lime water, and rapouti rogram given above 
then ve lime water at frequent inter has been found. but theoretical consid- 
val eration would seem to justify its trial 
Hay wcium available tor intra in the absence of more specific rec 
nistration and watch close ommendations 
ly tO SI t tetany. Tetanic death iS ‘Lhat such a regimen coup | vith 
ten rapid careful observation ot clinical prog 
\laintain high urine volume with ress, can be of material valu seems 
parenteral fluid demonstrated by the recovery of a 
6. \\ h away vomitus, feces and patient who had taken at least 10 
urin pre mptly to prevent external times the report d le thal dosage 
burn ul rticle { 
yiblicati the tt has hy 
Summary and Conclusions. Ther 
lrawn to. the irticle | | Scottiel 
present 1 a case of serious acute who report that lo ic a ical 
OnINg as an illustration of burns with onal lowed b 
e disturbance of metabolism which soakil wit | ps t I in the 
nay iwanv such poisoning, with  tfeatment of hyd cia 
- lifficult lesions to heal (Indust. Med., 16, 17 
ugeesti is to the principles of 
5 Phe suecess of this method probabl 
therapy supported by experimental data 
und tical experience. tluoride | ilciu n 
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ONE HUNDRED CASES OF MILIARY AND MENINGEAL 
TUBERCULOSIS TREATED WITH STREPTOMYCIN* 


By PAUL A. 


MEMBER OF THI 


BUNN, M.D. 


VETERANS ADMINISTRATION CENTRAL OFFICI 


STREPTOMYCIN 


COMMITTEI 
WASHINGTON, D.C. 


From the 


In the 13 months subsequent to 
April, 1946, therapy with streptomycin 
was started in 100 cases of acute dis- 
seminated miliary tuberculosis and tu- 
berculous meningitis in 47 Veterans 
Administration hospitals and in 5 ci- 
vilian hospitals which were under con- 
tract with the Adininistration. The re 
sults of these cases are 
the subject of the present report. No 


case has been excluded from the series 


treatment in 


which has survived more than 24 hours 
following the initiation of therapy and 
in which bacteriological proof of the 
diagnosis was established. 
of the 40 survivors were followed un 
til October, 1947. 

The arrangements for 
were difficult. Adminis 
tration hospitals were informed that a 
supply of streptomycin could be ob- 
tained for the treatment of miliary and 


Thirty-nine 


this study 


not Veterans 


meningeal tuberculosis by a telegraphic 
request to the Central Office Strepto- 
mycin Committee. \ 


diagnosis 


presumptive 
was accepted as a basis for 
initiating and for continuing therapy, 
although cases in which it was not sub- 
sequently established 


from the present series. 


were excluded 


Progress re- 


Veterans 


Administration 


ports were submitted to the Strepto 
mycin Committee by the hospitals at 
fortnightly intervals during treatment 
after its 

reports 


and conclusion. It is from 


these and from 


subsequent 
correspondence that the present papel 
has been compiled 

No dosage regimen Was prescribed 
for the treatment of these cases for the 
that the 


Committee had no experience on which 


good reason Streptomycin 
The daily intra 
1.8 gm., and the 


daily intrathecal injection of O.1 gm. 


te base a prescription 
muscular injection of 


was suggested, but the decision in this 
matter left to the 
This has had the happy 


was individual in- 
vestigator. 
result of permitting a number of regi 
although the 
variations are not as wide, perhaps, as 
Nor were the 
rather formidable battery of laboratory 


mens to be explored 


one could have wished 


tests required of the investigators which 
were prescribed in the treatment of 


other forms of tuberculosis; this. be 
cause the hazards of the disease so 
outweighed those of the drug that it 
was felt proper to treat cases in all 


hospitals, even in those with momen 
tarily inadequate laboratories 


* The data composing this paper derive entirely from case reports contributed generously and 


with care by 87 physicians from the 
N.Y.; Columbia, S.C.; 
Nuys, Cal.; Aspinwall, Pa.; 


apolis, Ind.; Lake City, Fla.; Los 
Mich.; Fargo, N. 
tain Home. 
lopeka, Kan.; Sunmount, 
Waukesha, Wis.; West Roxbury, Mass.:; 
** Present position: Associate 
University, Syracuse 10, New York. 
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Dak.; Fort 


following 47 Veterans Administration Hospitals 
Louisville, Ky.; Minneapolis, Minn.; Oteen, N. 
Excelsior Springs, Mo.; 
Ariz.; Bay Pines, Fla.; Castle Point, N.Y.; Cleveland, Ohio; Dayton, Ohio; 
Angeles, Cal.: 
Fernando, Cal.; Walla Walla, Wash.: Alexandria, La.: Batavia, N. 
Bayard, N. Mex.; 
Tenn.; Newington, Conn.; Outwood, Ky.; Rutland Heights 


Livermore, Cal.: 


N.Y.: Vancouver, Wash.: Wadsworth. Kansas 
Wichita, Kan.; Wood, Wis. 
Medicine, 


Professor of 


Bronx 
Kecoughton, Va.: Van 
Richmond, Va.; Tucson, Ariz.; Whipple, 
Hine, Ill.; Indian 
Nashville, Tenn.; San 
Danville, Ill.: De arborn, 
Martinsburg, W. Va.; Moun- 
Mass.; Sampson, N.Y.; 
Washington, D.C.; 
Phoenixville, Pa 
Medicine, 


Mckinney, 


Texas 


Department of Syracuse 


| 
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Clinical Material. All 100 patients were 
adult males (Table 1); 66 were white. 
32 colored, and 2 Indian. Their ages 
ranged trom 17 to 64 years. Fiftv-three 
were under 30 vears of age, 26 were 
between 30 and 39, and 21 were 40 or 
more 

\ pre-existing focus of proven tubercu- 
lous infection, which presumably served 
as the source of the hematogenous dis- 
semination, was present in 92 cases (Table 
2) either in the lung, genito-urinary tract, 
lvmph node, or bone and joint. In the 
remaining 8 cases no such focus was 
recognized. 

All individuals classified as having 
miliary disease had the acute generalized 


disseminated form, characterized by dense 
seeding on the chest roentgenogram, by 
fever, severe toxemia, and usually by 
leukocytosis. The diagnosis was estab- 
lished by the identification of acid-fast 
bacilli either in the sputum during life 
or at autopsy. All patients were seriously 
ill at the time streptomycin was started 
and their clinical condition was deterio- 
rating. Individuals with the chronic type 
of miliary disease (that is, protracted 
hematogenous tuberculosis, characterized 
by a prolonged illness, vague symptoms, 
pulmonary densities of variable size, and 
minimal fever) have been excluded from 
this report. All cases of meningitis had 
abnormal spinal fluid findings, including 


TABLE 1 


Miliary and Meningeal Tuberculosis Treated with Streptomycin: Age and Race 


AGE IN YEARS RACE 
rYPE O} rOT 
DISEASI NUMBER to 29 30 to 39 40 & over White Colored Indian 
I ng Dead Living Dead Living Dead Living Dead Living Dead Living Dead 
ACUTI 
MILIARY 22 9 > 2 2 §& 1 ll 1 5 2 0 0 
MILIARY 
FOLLOWED BY 10 | 1 2 2 0 l } 4 0 3 0 0 
MENINGITIS 
COMBINED 
MILIARY & 25 ll 4 | 0 5 3 1] 2 Y 0 0 
MENINGITIS 
MENINGITIS 13 1] 1] 5  t 7 l 
15 5 16 28 38 1] 2] ] l 


rOTAI LOO 24 29 1] 


TABLE 2 


Miliary and Meningeal Tuberculosis Treated with Streptomycin: 
Pre-Existing Active Tuberculous Foci 


UNRECOGNIZED 


rYPE O| NUMBER OF 

DISEASI PATIENTS Alive Dead 
ACUTE 
MILIAR) 0 
MILIARY 
FOLLOWED BY 10 0 9 


MENINGITIS 


COMBINED 
MILIARY & 25 0 ] 
MENINGITIS 


MENINGITIS 
TOTAL 100 4 4 


LUNG G.U LYMPH NODE BONE & JOIN! 


Alive Dead Alive Dead Alive Dead Alive Dead 


7 0 l 3 0 
0 0 l 0 
] 2 ] 4 1 
10 2) l ] 3 0 
20 39 8 7 3 8 5 2 
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the presence of acid-fast bacilli at som« cystoscopy in 3 and a spinal fusion in 


time betore or during treatment, and |. The remaining { patients had other 


| nce ‘ithe ] 
clas al ¢ ‘ \ t al 
issical clinical evidences of either centra nd varving initial complaints. 
nervous system infection or meningitis 


The daily dosage of streptomycin 
or both 


Miliary Tuberculosis. Twenty-two duite constant Phirteen patients 
patients (Tables 3 and 4), with acute = 
disseminated miliary tuberculosis, but 4aily. One individual received 
without meningitis ‘received treatment throughout his cours Eight received 
with streptomycin. Sixteen (73' are 3 or 4 gin. daily tor from 7 to 30 days 
alive after receiving, with one excep it the beginning of treatment, to com 


tion, from 116 to 157 days’ continuous bat the acute toxicity of the disease; 
therapy with streptomycin, and have — thereafter the daily dose was reduced 


been observed for from 1 to 12 montns to 1.8 gm. for the remainder of the 


3 
Acute Miliarv and Meningeal Tuberculosis Treated w 5 


Summary 


DEAD 
Iype of D I Treat 
Dav Total 
1-44 45-180 
Miliary 7 73% 
Onset Meningitis 
During or After 8 
Miliary 
Combined Miliary 20 5 

and Meningitis SU 20% 

Meningitis 13 16 1} = | 15 ~ 

TOTAI 100 24 en 9 

thereafter (average, 4.1 months). One treatment period All streptomycin 
individual completed but 67 days treat- was given intramuscularly in 5 or 6 
ment and was subsequently lost to the divided doses daily 
study. At the completion of therapy, The Dead. Six patients died (Table 
he had active renal tuberculosis, al- 4), 4 of whom were receiving strepto 
though his pulmonary miliary lesions mycin at the time of death. 
were regressing. Three of the 6 had shown impressive 


Fever was the first symptom in 14 improvement shortly after — strepto- 
of the cases. In 4 patients, surgical mycin was started. Acute toxicity dis- 
manipulations, which might have been appeared in all 3; the miliary lung 


the exciting incident in the hematog- lesions regressed appreciably in 2, and 
enous dissemination. had been per- were completely resolved at the end 
formed from 2 to 9 weeks prior to of 3 months’ treatment in 1. The 


the institution of therapy: namely, urinary bladder ulcerations in one case, 


ble 


sive 
dis- 
ung 
and 
end 
The 


ase, 
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and the laryngeal lesions together with 
pulmonary infiltrations in another, 
cleared remarkably; in the third case 
fever dropped from daily spikes of 
105 degrees to normal in 15 days. In 
spite of continued therapy, however, 
1 of the 3 patients relapsed after 45 
days treatment and died with actively 
progressive tuberculosis. Death, im- 
minent in the other 2 at the end of 4 
months treatment, occurred 3 and 4 
weeks after its termination. 

The autopsy of the patient who had 
received 45 days’ treatment revealed 
imany miliary pneumonic foci in the 
lung. The tubercles were atypical in 
the sense that the majority consisted 


of large caseated centers with little or 
no peripheral fibrous reaction; giant 
cells were infrequent. There were only 
a few areas of fibrosis, with contraction 
and minimal distortion of the surround- 
ing alveoli, and there were rare hyaline 
clumps. Stains for acid-fast bacilli 
revealed numerous organisms all 
areas of caseation. Similar acutely 
caseating tubercles were found in the 
liver, spleen, adrenals, lymph nodes, 
kidneys and pancreas. The majority 
of these also were characterized by an 
absence of fibrosis and by an unusually 
large number of both intra- and extra- 
cellular acid-fast bacilli. 

In contrast to this result, the post- 


TABLE 4 


Acute Generalized Miliary Tuberculosis Treated with Streptomycin* 


Number of Patients (22) 
Living (16) Dead (6) 


DURATION OF ILLNESS PRIOR range Lt iy 3 to ll 
rO THERAPY (weeks average 1.6 6.0 

DAILY INTRAMUSCULAR DOSE range 1.8 to 4 1.8 to 4 
OF STREPTOMYCIN (grams) average 2.2 2.3 

rOTAL TREATMENT (grams) range 136 to 315 8 to 230 
average 239 126 

(weeks) range 9.5 to 22.5 0.5 to 21 
average 18 11 

SURVIVAL FROM ONSET OF ILLNESS range 17 to 56 0.5 to 22.5 


weeks average 38 16.6 


RESULTS OF TREATMENT 
Clinical 
Afebrile and asymptomatic 
Improved but continuing symptoms 


lemporary improvement followed by relapse and 


progression 
No eflect, or progressive symptoms 
Pulmonary Miliary Lesions: 
Complete regression 
Resolution continuing 


Temporary improvement followed by relapse 


and progression 
No effect, or worse 
Pre-existing Tuberculous Lesions: 
Arrested 
Improved 
Active and progressive 


NEW LESIONS DEVELOPING DURING OR 


12 0 
4 0 
0 3 
0 3 
0 
5 0 
] 3 
] 3 
0 
7 2 
3 4 


AFTER THERAPY 
1 (epididymitis) 1 (empyema) 


* All patients received only one course of treatment. There have been no clinical or 
roentgenographic relapses in the surviving cases following cessation of therapy. 
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mortem findings of 


another patient, 
who had received 120 days’ treatment 
with streptomycin, revealed great num- 
bers of hyaline clumps and _ fibrotic 
nodules, which presumably represented 
healed tubercles. There 
were, in this individual, a few miliary 


remnants of 


lesions with caseated centers, but fi- 
brosis was well established around 
each. Active and extensive tubercu- 


losis was tound in the lung and there 
was no evidence that streptomycin had 
affected this old and pre-existing lesion. 
The individuals who 
died had all received streptomycin for 
less than 40 days and none had shown 
any response to treatment although it 


remaining 3 


was being continued at the time of 
death 

The Living. Of the 16 patients still 
living (Table 4), all evidences of the 
acute complication have disappeared 


iri 9, including resolution of the pulmo- 
nary miliary lesions. 
marked continuing roent- 
genographic improvement but resolu- 


Five others have 
shown and 
tion of the miliary lesions is not yet 
completed. 
have 


Two of these 5 continue to 
active tuberculous 
The re- 
maining 2 patients, although improved 
clinically, continue to have evidence 
ot active infection and the miliary le- 
sions have shown little tendency to 


regress 


evidences of 


infections in lung and bone. 


One of these 2 has recently 
into a_ terminal state, 
presumably due to an irreversible and 
bilateral renal tuberculosis.” 

During the 4th month of the post- 
treatment observation period, one pa- 
tient developed a new lesion in the 


gone uremic 


epididymis, a sinus opened and is now 
discharging tubercle bacilli. Despite 
this complication, no new evidences of 
an acute tuberculous 
have appeared. 


dissemination 
Re-treatment will be 


* Since the preparation of this report, this individual has died 


following the onset of his miliary tuberculosis. 


gressive pulmonary and renal tuberculosis with uremia were the direct causes of death. 


AND MENINGEAL .TUBERCULOSIS 


instituted if the organisms prove to be 
still sensitive to streptomycin. 

Resolution of the miliary lesions fol- 
lowed a similar pattern in all the pa- 
tients in whom it occurred, the majority 
regressing completely in 90 to 
140 days. The case history of one 
patient will describe a result charac- 
teristic of the series 


trom 


Case Report. No. 1. Patient T. M., 
Veterans Administration Hospital, Wash 
ington, D. C., a 50-vear old white male, 
had pulmonary tuberculosis since 1928. 
Between that vear and 1946, there was 
slow and gradual roentgenographic pro 
gression of the process, but it had never 


become incapacitating. He had refused all 
had been able to work at odd 
jobs and he denied s\ mptoms except cough 

that On September 20, 
there was an ibrupt onset of spiking 
and and at the 
6 davs later, 


treatment, 


during 
1946 


tever, headache 


period 


malaise 
time of hospital admission 
the had 
seriously ill 


patient become acutely and 
Roentgenogram 
bilateral, 
and cavernous tuberculosis in both upper 
the left. \ 


diagnosis of miliary tuberculosis could not 


be made at that time 


of September 26, 1946 


showed advanced, 


fibro-calcific 


lung lobes, particularly’ on 


Early in 
October, however, ro¢ ntgenograms clearly 


Figure la). 


minated miliary lesions 

throughout both lung fields 
During the 

pitalization, 


revealed finely disse 
Figure 1b). 
period of 
patient's 


early his hos 
the 
stormy, with daily temperature elevations 
to 103 104” I and his physical 
condition deteriorated rapidly. Strepto- 
mycin October 8, 1946, 0.5 


gm. intramuscularly every 4 hours 


course was 


and 


was started 
(3 gm. 
daily). This dosage was maintained for 
1 week. For the succeeding 113 days he 
received 0.3 gm. every 4 hours (1.8 gm. 
daily). 

Within 10 days following the onset of 
treatment, the patient’s temperature had 
dropped to below 100° F., he had noted 


immediate increase in appetite, and ma- 


Death occurred 6 months 
He received streptomycin for 5 months. Pro- 


ospit il 
Miliary « 


Fig 


a. Pt. T. M., aged 50 (Case No. 1). Roentgenogram taken 9-26-46 on admission to 
There are extensive infiltrations in left upper lobe and in upper half of right lung. 
lissemination is not apparent. There has been calcification in left. 


lb. Roentgenogram 10-7-46, 11 days later showing typical diffuse miliary tuberculous 


lesions throughout both lung fields. Streptomycin started the following day. 
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Fig. 1c Roentgenogram 11-25-46 taken 48 days after streptomycin was started. Individual 
pulmonary seedings are more punctate although there probably has been no resolution 


Fig. ld. Roentgenogram 1-15-47 taken after 98 days of treatment shows marked improve- 
ment with resolution of the majority of miliary tubercles and a diminution in size of those 
remaining. 
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Fig. le. Roentgenogram 2-3-47 at the end of 120 days treatment. Resolution has continued 
» that miliary lesions are difficult to identify. 


Fig, If. Roentgenogram 9-10-47, one year after admission to hospital and seven months 
ifter cessation of therapy. Miliary lesions remain healed. Pre-existing tuberculous disease in 
right lune has resolved markedly, but there remains an advanced fibro-calcific and cavernous 


] 


lesion in the left. Patient has been ambulatory since end of therapy. 
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Within 7 
of the onset of treatment, his temperature 


laise had disappeared. weeks 
had returned to normal, he had gained 6 
pounds in weight and had become asymp 
tomatic except for a hacking cough. At 
the end of 2 months’ therapy the patient 
could not be kept in bed, and at the end 
of 4 months he could not be kept in the 
hospital At the time streptomycin was 
February 8, 1947, the pa 
tient had gained about 20 pounds and felt 
well 


discontinued, 


his cough was still productive of 15 
cc. muco-purulent sputum daily. 
Roentgenograms taken during October 
and early November showed no improve 
The film of 1946 


Figure lc), however, revealed the punc 


ment November 25. 


tate miliary infiltrations to have become 
more clistinct. During December and 
January, there was a gradual reduction in 
the dimensions of each seeding and a 
diminution in their numbers, but the 
changes were not marked (Figure ld 
After the middle of January 3 months 


of therapy 
became more rapid and by the end of the 
treatment period only 


the progress of the resolution 
sparsely scattered 
opacities could be seen (Figure le 
later there had 

Figure lf). In 


therapy and thereafter, the original pulmo 


Seven 
further 
the period of 


months been no 


( hange 


nary lesions had shown gradual clearing 


although an advanced cavitary lesion re 
mains in the left upper lobe. 

Positive sputum smears were obtained 
throughout the 


W hereas 


course of therapy but 


many organisms were seen in 


each microscopic field early in the course 
later specimens had to be 
concentrated to find a The 


men streptomycin 


ot therapy : 
few. speci 
before 
contained 
microgram 


obtained was 


administered organisms sensi- 


tive to 0.3 streptomycin per 
ce. Those found after 90 days’ exposure 
were 500 micrograms. \ 
taken 3 after 


the termination of contained 


resistant to 


single specimen months 


therapy 


similarly resistant organisms. 
After 2 months of treatment, audio- 
metric examination disclosed a loss of 


hearing in the high tones, more marked 
in the left ear. At the end of treatment. 
there had been a further slight increase 
in this hearing loss. Seven months later. 


MENINGEAL 


rUBERCULOSIS 


in September 1947. there had been but 
minimal return of hearing in the high 
tones. Hearing in the conversational range 


been attec ted 
Throughout the cours« 


had never 
of treatment th 
patient neither complained of labyrinthine 
were the results of the 
abnormal Not 
ifter the 
there a 


symptoms, no! 
caloric test 
1947, 42 


therapy, 


until June 


months cessation ol 


was delaved  responss 


to caloric stimulation, nystagmus being 
only noted 90 to 145 seconds following 
stimulation of the middle ear with cold 
water. This finding has persisted \t 


time the 


walk in a straight line with his e 


the present patient is able to 
eS open 
and hesitantly 


test 


although somewhat slowly 
His 
is normal, and no other abnormalities a 
noted. He walk in the dark 


howeve1 down 


muscle tone is good, Romberg 


cannot 
falle 

difficulty in 

when he is moving about. 


this 50 


has steps 


and has focusing his eves 


In summary, vear old white mal: 


with long standing active slowh 


progressive pulmonary tuberculosis recov 


ered in a striking manner from an acut 


generalized miliary tuberculosis and_ is 


apparently cured of that complication 
months after the cessation of stre ptomycin 


and 


are permanent resid 


Complete loss of vestibular function 
minimal hearing loss 
uals of that therapy lesions 


than 


with most, but the process was 


Phe miliary 


were somewhat slower in resolving 


is the case 
completed within 140 days after the start 
of specific therapy. 


Summary of Results in Miliary Tu 


berculosis (Tables 3 and 4). Twenty 


two individuals. all with clinical and 


roentgenographic evidences of acute 


miliary tuberculosis, but not meningitis 


received streptomycin therapy. Three 
died during therapy without showing 
any response to treatment Three 
others who had had an_ impressive 


clinical and roentgenographic response 
early in the course of therapy, relapsed 
while it within 4 
SIX- 
One is in 


was continued, or 
weeks of its cessation, and died. 
teen patients are still alive. 
the terminal 


stages of tuberculosis 


— 
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pulmonary and renal) and another has 
not shown significant improvement. 


The roentgenographs ot 9 individuals 


have shown complete resolution, and 
marked reduction in size and number 
of the seedings has taken place in the 
remaining 5 patients. The associated 
foci, originally present in 15 of the 16 
survivors, have shown regression. in 
7, as measured by laboratory or roent- 
genographic procedures, and in 5 
others they have become arrested. In 
the remaining 3. the lesions have Con- 


tinued to be active and are apparently 
progressing. A new lesion (epididymi- 
tis) developed in one patient 4 months 
after therapy had been discontinued. 


Miliary Tuberculosis Followed By 
Meningitis During or After Therapy 
With Streptomycin. Tables 3 and 5 
summarize the results of treatment in 
10 patients who were treated for mili- 
ary tuberculosis but who, during or 
after that therapy, developed men- 
ingitis. 


TABLE 5 


Acute Miliary Tuberculosis Followed by Meningitis during or after Treatment with Streptomycin 


Number of Patients 


Living (3) Dead (7) 
DURATION MILIARY PRIOR TO TREATMENT range l to 12 3 to 8 
weeks iverade 5.2 5.3 
DAILY INTRAMUSCULAR DOSE OF STREPTOMYCIN range 1.8 to 4 1.8 to 4.5 
grams average 26 


SINGLE INTRATHECAL DOSE OF STREPTOMYCIN 


grams 0.1 0.02 to 0.2* 
rOTAL TREATMENT (includes second courses in four patients 
Intramuscular: (grams range 315 to 520 60 to 322 
average 162 212 
weeks range 24 to 38 5 to 28 
average 30.1 15.3 
itrathecal: (grams range 7.6 to 12 0.5 to 13.5* 
average 99 5.9 
number of injections range 71 to 135 5 to 125 
average 99 49 
; ’ range 38 to 52 5 to 36 
SURVIVAL FROM ONSET OF MILIARY (weeks) e7,~, 16 17.3 
ONSET MENINGITIS 
Under Treatment (3 to 8 weeks) ] 5 
Following Cessation of Treatment (3 to 14 weeks)** 2 2 
RESULTS OF TREATMENT 
Clinical 
Asymptomatic 0 
femporary remission followed by relapse 2* ° 
No effect 0 
Pulmonary Miliary Lesions: 
Complete regression 3 4 
Resolution continuing 0 ] 
lemporary regression during treatment followed by progression 0 1 
No effect 0 l 
Pre-existing Tuberculous Foci: 
Arrested 
Improved 
No change, or worse l 3 


* One patient received no streptomycin intrathecally. 
** First courses of treatment in these four were from 90 to 195 days. 
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Seven of the 10 patients have died, 
another is in the stages of 
meningeal tuberculosis* and the 9th 
patient has far advanced progressive 


terminal 


pulmonary tuberculosis, in addition to 
severe residual brain damage caused 
by the meningitis and encephalitis. He 
has, however, recovered from. evi- 
dences of central nervous system intec- 
tion. 
of signs and symptoms of infection. 
Prior to the development of men- 


ingitis, streptomycin was administered 


Only one patient is entirely free 


only by the intramuscular route, in 5 
or 6 doses each day. Six of the 10 
18 to 2 gm. daily 
of therapy. 


patients received 
throughout the 
Three others received 3 or 4 gm. dail) 
for 10 to 30 days at the outset and 
then 2 gm. a day for the remainder of 


course 


their course. One patient received 3 
to 4.5 gm. daily throughout the dura- 
tion of treatment. 

Although the 


nervous system may well have occurred 


seeding in central 
at the time the original massive dis- 
semination took place, there was no 
clinical evidence of 
therapy for the miliary lesions was 
undertaken. Lumbar punctures re- 
vealed normal spinal fluid in 3 patients 
early in the course of their treatment. 
There is no evidence, in these instances, 


meningitis when 


that the procedure affected the sub-. 


sequent development of meningitis. 
Although, on the face of it, the end 
results of streptomycin therapy in this 
series represent at least 90% failure, 
they were, until the time when signs 
and symptoms of meningitis developed. 
quite as favorable as those in the pre- 
Eight of the 10 patients 
showed marked clinical improvement 
within 30 days of initiating treatment 


ceding series. 


* This individual died in November, 1947. 


therapy. 


MENINGEATI 


10 months after the onset of 
culosis and 8.5 months after the onset of meningitis. He 


PUBERCULOSIS 


and roentgenographic evidence of the 
pulmonary dissemination regressed in 
all 8 and disappeared altogether in 3 
of them. The other 2 patients did not 
respond either clinically or roentgeno 
graphically. 
Clinical 
in from 3 to 8 weeks after the institu 
tion of treatment in the 6 patients in 
whom it developed while therapy was 


meningitis became oby ious 


being continued for the miliary dis 


ease. In 5 of these, intrathecal strepto- 
mycin was added to the regimen; in 
the 6th, no 


Was used 


intrathecal streptomycin 
In contrast to the striking 
response to treatment of their miliary 
disease, improvement in signs and 
symptoms of the central nervous sys 
tem infection did not occur in any o! 
these 6 patients. Five of them died 
and, although the 6th is still alive, he 
has had irreparable brain damage and 
is not likely to survive 

Four patients cle veloped meningitis 
after their treatment for miliary tube 
culosis had been completed. The mili 
ary lesions of all 4 had disappeared 
the patients were asymptomatic, and 3 
were being rehabilitated at the time the 
central nervous system infection devel- 
oped. This took place abruptly, and 
without other evidence of a fresh dis 


t 10. and 14 weeks after 


the administration of streptomycin had 


9 
semination, 35, 


been stopped. Clinical response to a 


renewal of streptomycin therapy was 


negligible in 3 instances, 2 patients 
dying, and a 3rd being barely alive 


12 weeks after it was recommenced. 
Pathological studies on patients in 
whom death was delayed and in whom 
there had been roentgenographic im- 
provement in the pulmonary lesions 


during life showed definite effects of 


his miliary tuber- 
received 5.5 months of continuous 


* Gross and microscopic sections of tissues from this patient were reviewed for us by Drs. 


Webb Haymaker, Army Institute of Pathology, Emil Bogen, Olive View, 


Pinner, Berkeley, California (Page 297, line 


California, and Max 


iS 
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streptomycin therapy. In one patient*, 
for example, neither tubercles nor giant 
cells were seen in the lung. There 
were areas which consisted of mononu- 
clear cells, lymphocytes, large epithelial 
cells and fibroblasts, but the arrange- 
ment of these did not suggest tubercu- 
lous lesions. There were, in addition, 
many areas of hyalinization with sur- 
rounding collections of collagenous tis- 
sue and these were infiltrated with 
small round cells, probably lympho- 
cytes. The morphology of these dif- 
fered from spontaneously healed tuber- 
cles because of the absence of definite 
encapsulation. These lesions have 
been described previously by Baggens- 
toss ef al.! and probably represent ad- 
vanced if not complete healing of tu- 
bercles following the effective use of 
streptomycin. \reas similar to this 
were found in liver, spleen and tracheo- 
bronchial lymph nodes. 

Evidences of active tuberculosis 
were, however, found in the brain and 
kidney of this individual. In the kid- 
ney, there were large caseating tu- 
bercles with some conglomeration. an 
absence of fibrosis and fibroblasts and 
minimal numbers of giant cells. In 
each of these areas there were great 
numbers of acid-fast bacilli. In the 
brain, cerebral and arachnoid abscesses 
were seen, although the evidence for 
these being tuberculous was not con- 
clusive. In addition to them, however, 
there were an adhesive arachnoiditis, 
internal hydrocephalus and meningitis. 
The meningeal lesions were charac- 
terized by an absence of fibrosis and 
giant cells. There was marked endo- 
thelial proliferation of all vessels in 
the involved leptomeninges and exten- 
sive caseation, particularly in the pia. 
Caseo-necrosis was also observed with- 
in the brain substance adjacent to a 
large flat abscess over the base of the 
brain. 


Summary of Results in Miliary Tu- 
berculosis Followed by Meningitis. 
Ten individuals, originally treated for 
miliary tuberculosis with intramuscular- 
ly administered streptomycin, devel- 
oped meningitis (Tables 3 and 5). In 
6, the central nervous system complica- 
tion became apparent 3 to 8 weeks 
after the start of streptomycin treat- 
ment and while it was being continued. 
Five of these patients died, the ad- 
ministration of streptomycin being 
without apparent effect upon the men- 
ingitis. One patient survives but has 
had irreparable brain damage, is deaf, 
and has terminal tuberculosis else- 
where. Four patients developed tu- 
berculous meningitis 3 to 14 weeks 
after the cessation of treatment for the 
miliary lesions. The onset of men- 
ingitis, although abrupt in all, was not 
associated with manifest generalized 
re-dissemination of tubercle bacilli. 
Two of these patients died within 8 
weeks, the reinstitution of streptomycin 
therapy proving ineffective. A_ third 
continues to vegetate after 100 days’ 
treatment in the second course and is 
not likely to survive. Only one patient, 
the 4th, survives and is apparently in 
complete remission from both miliary 
and meningeal tuberculosis, albeit his 
spinal fluid is still abnormal in respect 
to cell count and protein concentration. 

In contradistinction to the ineffec- 
tiveness of streptomycin upon the me- 
ningeal lesions, the miliary lesions in 8 
of the 10 patients resolved markedly or 
completely during therapy and, prior 
to the development of meningitis, all 
of them had shown marked clinical 
improvement. This contrast should be 
susceptible of explanation. The most 
rational suggestion is that the tubercle 
bacilli, initially sensitive to strepto- 
mycin and thereby allowing the host 
to heal the pulmonary seedings, had 
become resistant to the drug at the 
time the meningeal process developed 
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and the progression of this process to 
a fatal termination was a consequence 
That such a resist- 
ance, aS judged by Hi 


of this resistance. 
vitro determina- 
tions, develops in approximately 25‘ 

of patients treated with streptomycin 
for 60 days and in approximately two- 
thirds of patients treated for 120 days 
is common knowledge’. And it is 
consistent with this suggestion that the 
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whom determinations were made had 
organisms which were resistant to 1000 
meg. of streptomycin per cc. at the time 
Both 


however re- 


meningitis developed 
died. The 


mains a suggestion 


patients 


suggestion 


Experience with this group indicates 
that the development of meningitis is 
the most serious complication of miliary 


tuberculosis and emphasizes the im- 


only 2 patients of this group upon portance of routine spinal fluid ex- 
TABLE 6 
Combined Miliary and Meningeal Tuberculosis Treated with Stre ptomycit 


DURATION OF COMBINED DISEASE PRIOR 
TO TREATMENT (weeks 


DAILY INTRAMUSCULAR DOSE OI 
STREPTOMYCIN 


grams 
SINGLE INTRATHECAL DOSE Ol 
STREPTOMYCIN (grams 


TREATMENT 

Intramuscular (grams 
weeks 

Intrathecal (grams 


number of injections 


SURVIVAL FROM ONSET OF COMBINED 
DISEASE (weeks 


RESULTS OF TREATMENT 
Clinical 
Asymptomatic at termination of first course 
Temporary remission during treatment foll 
No eftect 
Pulmonary Miliary 
Complete regression 
Resolution continuing 
Temporary regression during treatment foll 
No effect 
Pre-« xisting Tube r¢ ulous Foci 
Arrested 
Improved 
No change 
Relapses following cessation of therapy 
lime of appearance after cessation (weeks 
Duration first course of treatment (weeks) 


Lesions 


| 5 | 
range t 15 0.2 to 8.5 
range t L.S to 4 
0.01 to 0.1 0.02 to 0.2* 
range IS9 to 490 4.1 ¢t 253 
iveTade 120.1 
range 2 to 30 0.3 to 18.] 
iverade 99 9 S 6 
range Lf 15.1 0.125 to 8 
aveTadce 
range 22 to 140 6 to 110* 
iverage )] 62 
range 25.7 to 77.1 0.3 to 21.4 
iverage 1.7 9.3 
of treatment 
by relaps () # 
l 15 
l 0 
wed by progression 0) 4 
12 
0 
l 16 
0 
6 and 7 0 


2 and 16 0 


* Two patients did not receive streptomycin | 
** Both have active meningeal tuberculosis ; 
of trom 3 to 4 months. 
*** All relapses were meningeal 
observed 


Reappearance of 


»v the intrathecal route 


ifter completing a second course of treatment 


pulmonary miliary lesions was not 
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amination so that this complication may 
be diagnosed and the intrathecal ad- 
ministration of streptomycin be started, 
as early as possible. 

Miliary and Meningeal 
Tuberculosis. In contradistinction to 
the previous group, this series of 25 
patients (7 


Combined 


lables 3 and 6) had evidences 
of both acute miliary tuberculosis and 
tuberculous meningitis at the time ther- 
apy was instituted and treatment was 
directed toward both complications 
from its inception. 

Twenty of the 25 patients died, 14 
56 within the first 6 weeks (average 
survival from onset of illness 8 weeks), 
and 6 after surviving for more than 

months (average 15 weeks). Five 
are still living, with an average survival 
of 7.4 months since therapy was started. 

Nine patients received 1.8 to 2 gm. 


120 days, 10 
others received 3 to 4 em. for from 14 


streptomycin daily for 


to 90 days, before the daily dose was 
reduced to 2 gm., and 6 patients re- 
ceived 2.4 to 3 gm. throughout the 
course of treatment. Twenty-two of 
the 25 patients received from 0.02 to 
0.2 gm intrathecally 
daily or every other day, at least dur- 
ing the first month of therapy or until 
death supervened. 


streptomycin 


Three patients received either in- 
adequate intraspinal therapy or none, 
and all died. The demise of one oc- 
curred after 7 days’ intramuscular ther- 
apy. The diagnosis of meningitis in 


another was never confirmed until late 


in the course of therapy and 6 intra- 
thecal injections did not alter the pro- 
gressive course of the combined dis- 
ease. The 3rd patient did not receive 
streptomycin intrathecally because the 
necessity for its administration by this 
route was not appreciated at the time 
of his illness. His combined disease 
had been diagnosed early in its in- 


cipiency and intramuscular therapy 
promptly instituted. The meningeal 
disease improved markedly for 90 days 
despite the intrathecal 
medication but he never became com- 
pletely free of evidences of central 
nervous system infection. His senso- 
rium cleared considerably with therapy, 
his hyperirritability and occasional de- 
lusions were partially relieved, and the 
spinal fluid cell count, never greater 
than 90 cells, was reduced to 20 on 
The explanation for 
rest with the 
observation that spinal fluid concentra- 
tions of streptomycin of the order of 


omission of 


one occasion. 


this improvement may 


tf to 10 micrograms per cc. were assay- 
during his treatment 
During the 4th, and last, 
month of treatment with streptomycin, 
however, neurologic disorders became 
more manifest and mental deteriora- 
tion occurred. At autopsy the gross 
and microscopic findings from the tis- 
sues of this individual* were typical, 
in general, of those in the other 12 
patients who died after receiving ap- 
preciable streptomycin. 
Within the lung, there were only oc- 


ed periodically 
course. 


amounts of 


necrosis. 
Some of these had central calcification 
with dense fibrous capsules and a few 
Langhans giant cells. 


casional foci of caseation 


Considering the 
typical dense miliary seedings which 
were seen by roentgenograph during 
life, these observations were quite re- 
markable for a majority of the hematog- 
enous lesions had apparently either 
disappeared or been completely healed. 
Elsewhere evidences of active tubercu- 
losis of the miliary type were promi- 
nent. Caseous foci with minimal fi- 
brous reaction were found in the kid- 
neys, prostate, liver, spleen and tracheo- 
bronchial and abdominal lymph nodes. 
Within the thorax itself all medias- 
tinal glands were caseous structureless 


* Details of this case will be the subject of a future report from the Veterans Administration 


Hospital. Van Nuys, California. 
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masses. In none of the lesions outside 
the lungs was there any evidence ot 
healing 
effect. 

and encephalitis were present, as were 
and 


or of a specific streptomycin 
Active tuberculous meningitis 

internal 
leptomeninges 


arachnoiditis 
The 
were covered with a pale green-grey 
fibrinous exudate, particularly at the 
base of the brain. 


adhesive 
hydrocephalus. 


Streptomycin did not produce any 
beneficial effect in any of the 14 pa- 
tients who died within 6 weeks of be- 
who died 
after receiving 9 weeks treatment. In 


ginning treatment nor in | 
general, at the start of treatment, these 
patients terminal 
pulmonary tuberculosis and, although 


were in stages of 
the duration of the acute complication 
was relatively short in a majority, strep- 
tomycin could scarcely have been ex- 
pected to alter the rapidly fulminating 
nature of the all, the 
course was one of progressive deteriora- 
without 


infection. In 


true 
symptoms. 


tion improvement — in 


either signs or The sensi- 
tivity of the organisms to streptomycin 
was not determined. 

The meningeal signs and symptoms 
in 5 patients who received more than 
6 weeks treatment with streptomycin, 
were alleviated markedly during the 
first weeks of therapy, but in none were 
the improvements maintained, and in 
none Was there a complete recovery 
from all evidences of neurologic dis- 
ease. 
healed 
genstoss 


The pulmonary miliary lesions of 
Bag- 
and McDermott® were found 


tubercles described by 


at autopsy in 4 cases. The pulmonary 
miliary lesions in the 5th cleared by 
roentgenogram after 60 days’ therapy 
but thereafter a relapse occurred and at 
autopsy, no evidences of healing, old 
oi new, could be found amongst the 
myriads of necrotizing tubercles. 


Five patients in this series of 25 
survive. The best, but not atypical, 


response to treatment occurred in a 
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patient treated at the Veterans Admin- 
istration Hospital, Van Nuys, California. 


Case This old 
was admitted to the hospital July 31, 1946 


He gave a 


36-year white maie 


history of weakness, tever, 


chest pain, and cough, for 2 months 


\ diagnosis of pulmonary tuberculosis 
was made and the patient was placed upon 
a rest regimen. His sputum was positive. 
Except for 2 periods of fever in Septem 
ber, and again in November and Decem 
ber, 1946, he was more or less asympto 
February, 1947. 
that month th 

cephalalgia and aching in the muscles of 
both legs Thereafter 


and lost 


matic until 


During patient noted 


he became febrile 


listless. appetite. Roentgeno 


gram on the first dav of fever showed a dif 


fuse miliary spread throughout all lung 


fields and a lumbar puncture 2 days later 


revealed the spinal fluid under pressure ol 


215 mm. of water and with 46 cells 
neutrophils \cid-fast bacilli wer 
seen on smear. Streptomycin was started 
1.8 gm. intramuscularly and 0.1 gm. intra 


thecally 3 days after the onset of fever. 
Within one week, daily 
which had spiked to LOL.5 


to normal and remained normal thereafter 


temperatures 


F., dropped 


except for isolated and temporary eleva 
tions. Headache, stiff neck and listless 
ness disappeared within 6 weeks. Intra 
spinal therapy was discontinued after the 
f4th day of treatment because of an 


episode ot disorientation and irrationality 
which was thought to be related to the 
injection of streptomycin. Following this, 
his course again became one of continued 
improvement. Intramuscular therapy was 
after 115 


questionable renal damage although sub 


stopped davs because of a 


sequently this could not be proved. 


For the first 4 weeks of therapy there 


were not discernible changes in the pulmo 
nary roentgenograms During the 5th 
week, the miliary infiltrations throughout 
both lungs became more discrete. less 


ciense, and there Was considerable clearing 
of the chronic pulmonary process in the 
left upper lobe. After 2 full months of 
therapy, the lesions had regressed almost 
to the point of complete clearing. When 
treatment was stopped, the miliary lesions 


= 
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could be only vaguely seen. The chronic 
pulmonary process, following an_ initial 
improvement, remained unchanged atte1 
the second month. 


Minimal 


decibels) occurred early in the course of 


bilateral hearing loss (6 


treatment but did not progress. Two 
months following cessation of strepto- 
mycin, no loss could be detected in the 
left eal and only a loss ot 4 decibels in 
the right. 

During the period of intrathecal thera- 
py, spinal Huid cell counts remained above 
50 «cells and the protein above 100 
mg. per 100 cc. The sugar was nor- 
mal throughout. Following cessation 
of intraspinal therapy, the cell count 
cradually returned to more normal levels 
and at the end of treatment was 12 


cells, all Ivmphocytes. The protein, on 
the other hand, did not fall below 60 
mg. per LOO ce. until 2 months after 
cessation of therapy. At the present time, 


sugar 9O mg., total 
proteins 58 mg., and the fluid is under 
normal pressure. Acid-fast bacilli were 
found in 3 specimens, taken prior to and 
shortly after the start of therapy. After 
the 2nd week of treatment, it remained 


the cell count is 12 


sterile by smear and culture. 

\t the present time, 3 months after 
cessation of treatment, the patient is still 
confined te bed because of continued 
activity of his pulmonary tuberculosis. He 
has no fever, raises small amounts of 
muco-purulent sputum daily, has a_ fair 
appetite and his weight, after gaining 15 
pounds during therapy, is now stationary. 
He has mild occipital headaches but they 
occur infrequently; otherwise there are 
no abnormal signs or symptoms of nervous 
svstem disease. 

Evidences of active infection in the 
central nervous system disappeared 
similarly in 2 other of the 5 patients 
who have survived. The neurological 
signs improved, the mental disturb- 
ances were promptly relieved, and the 
Deter- 
vescence occurred by rapid lysis in 
from 7 to 14 days. The spinal fluid 
constituents failed to become entirely 
normal in the sense that cell counts 


spinal fluids became. sterile. 


remained above 60 and protein con- 
centrations above 100 mg. per 100 cc. 
There was no apparent tendency tor 
these values to become less during the 
period of therapy. The impressive de- 
gree of improvement in these 2 patients 
was not, however, maintained and, 6 
and 7 weeks, respectively, after the 
conclusion of the Ist course of treat- 
ment, signs of meningeal infection re- 
curred. Although organisms could not, 
on this occasion, be demonstrated in 
the spinal fluids, streptomycin therapy 
was reinstituted and continued for 90 
and 120 days. In one patient, this 
second course of treatment was with- 
out effect; he continues to be febrile 
with grossly abnormal spinal fluid; he 
is semi-stuporous and has developed 
evidence of increased intracranial pres- 
sure. The other patient was relieved 
of the signs and symptoms of acute 
meningitis by the second course of 
treatment but he became mentally slug- 
gish and incontinent of urine and feces. 

In the other 2 surviving patients, 
the accessory evidences of infection, 
(that is, leukocytosis, fever, and gener- 
al appearance of acute toxicity), disap- 
peared similarly but the end _ results 
were unsatisfactory. In one, the state 
of profound coma failed to diminish, 
neurological signs which included 2nd 
and 6th cranial nerve palsies were un- 
altered and, during the treatment peri- 
od, he developed additional evidence 
of severe brain damage. At the end of 
6 months’ treatment, he was free of 
infection in the central nervous system 
but was decerebrate and, for a great 
part of the time, remained semi-stupor- 
ous. He has continued in this state 
for the 3 months which have intervened 
since cessation of therapy. The 5th 
patient had a better response to treat- 
ment in the sense that signs of active 
tuberculosis in the central nervous sys- 
tem were reduced, but he was left with 
a residual 4th cranial nerve palsy and 
some indications of irreversible brain 
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damage. He has progressing and ad 
vanced pulmonary tuberculosis which 
was affected little if at all by the strep- 
tomycin 

Summary of Combined Miliary and 
Meningeal Tuberculosis. Twenty-five 
patients with acute miliary tuberculosis 
and tuberculous meningitis have been 
treated with streptomycin (Tables 3 and 
6). Fourteen patients died within 6 
weeks of the onset of treatment without 
streptomycin having exerted any de 
monstrable effect upon their clinical 
course or upon the pathology of their 
lesions. This high percentage of early 
deaths (56°) cannot logically be at 
tributed to the development of a re- 
sistance to streptomycin in these cases 
and all that one can say is that the 
infection was so overpowering and 
widespread as to make the drug use- 
less. Veterans Administration hospitals 
are, at the moment, exploring the effects 
of larger doses of streptomycin and of 
combined streptomycin-promin therapy 
on this type of case. 

Six of the remaining 11 patients have 
died. In 1 of these, streptomycin was 
without benefit. A marked clinical im- 
provement occurred in the other 5 but 
it was not maintained despite continued 
treatment and death in all 6 occurred 
6 to 20 weeks after the start of therapy. 
Five are still living, of whom 2 have 
recently completed a 2nd course of 
therapy required by a recurrence of 
their meningitis; these 2 and 2 other 
patients treated continuously for 6 
months are all doing badly. Only 1 
patient of the 25 can be considered a 
therapeutic success. 

Although the end results of strepto- 
mycin therapy in this group are, thus. 
very unsatisfactory, its ability to affect 
the tuberculous lesion has again been 
demonstrated. The lives of 10 patients 
were indubitably prolonged by strep- 
tomycin and in 8 of these the pulmo- 
nary dissemination, visualized by roent- 
genogram, cleared entirely. The pre- 


existing sources of the dissemination 
were improved in 7 cases and arrested 
in l. As was the case with the group 
described previous to this, the presence 
of meningitis in addition to pulmonary 
dissemination appears to be responsible 
for the high mortality rate. 

It will be observed from Table 6 
that no patient receiving less than 189 
gm. streptomycin intramuscularly o1 


less than 22 intrathecal injections of the 
drug has survived 
Meningitis. The most spectacula 


and decisive effect which streptomycin 
exerts upon the course of human tu 
berculosis is amply demonstrated by 
the results which have been obtained 
in the treatment of tuberculous men- 
ingitis . Never before in the history 
of tuberculosis has any agent been 
able to lower the mortality rate ap- 
preciably below LOO In the present 
series (Tables 3 and 7), 43 patients with 
proved tuberculous meningitis have 


been treated with — streptomycin. 
Twenty-seven (63 have died, 16 
(37°) of them within 6 weeks of the 


start of treatment Sixteen patients 
(37%) are alive 4 to 14 months after 
the institution of therapy. 

The diagnosis in all cases was mac 
by clinical evidences of meningeal it 
ritation and the finding of morphologi- 
cally characteristic bacilli in spinal fluid. 
The organisms were found by direct 
smear of the spinal fluid pellicle, by 
culture or guinea pig inoculation, at 
autopsy, or by all 3 methods. All 
patients were treated by both intra 
muscular and intrathecal routes. 

The Dead. Of the 16 patients who 
died within 6 weeks of the institution 
of therapy, in none was there an ap- 
preciable response to treatment and in 
none was the spinal fluid sterile at the 
time of death. Many of them were 
temporarily relieved of headache and 
some recovered, also temporarily, from 
the coma which was initially present. 
Fever, ranging from 100 to 105° F.. was 


I 
| 
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present in all 16 patients prior to treat- An additional 11 of the 43 patients, 
ment. It was dramatically lowered in although dying eventually, survived for 
8, and to a lesser degree in the others. periods longer than 6 weeks. Nine died 
In none, however, was the clinical im- during a first course of therapy, after 
provement maintained for longer than they had received streptomycin for an 
2 weeks and in none did neurologic average of 3.3 months; the other 2 died 
signs disappear after treatment was 10 and 16 months after the commence- 
started. ment of treatment. There can be no 

\utopsies were performed on 8 of question but that the use of strepto- 
these 16 patients. Gross and micro- mycin prolonged the life of these 11 
scopic findings demonstrated no effect patients. Nor is there any question 
of streptomycin upon the tuberculous about the prompt and striking ameliora- 
pathology tion of signs and symptoms which oc- 


TABLE 7 


Tuberculous Meningitis Treated with Streptomycin 


Number of Patients 


Living (16) Dead (27) 
DURATION MENINGITIS PRIOR TO range 0.55 to 8.5 0.3 to 8.4 
TREATMENT weeks average 2.9 23 
DAILY INTRAMUSCULAR DOSE OF range 0.6 to 3.0 1.2 to 4 
STREPTOMYCIN (grams average 1.9 2.4 
SINGLE INTRATHECAL DOSE OF 
STREPTOMYCIN (grams 0.02 to 0.2* 0.1 to 0.2 
rOTAL TREATMENT 
Intramuscular (grams range 155 to 375 3 to 390** 
average 268.6 138.8 
weeks range ll to 25.3 0.3 to 26** 
average 18.9 10.5 
Intrathecal (grams range 3.5 to 15.4 0.15 to 12.5** 
average 10.5 4.1 
number of injections range 55 to 150 2 to 125** 
average 90 37 
SURVIVAL FROM ONSET OF DISEASE range 17.1 to 56 2 to 42.1** 
weeks average 13.8 16.5 
RESULTS OF TREATMENT 
Clinical 
Asymptomatic at termination first course of therapy 10 0 
Temporary remission followed by relapse during first course of therapy 4 15 
No effect 2 12 
Pre-existing Tuberculous Lesions: 
Arre sted 3 l 
Improved ‘ 
No change o 20 
RELAPSE FOLLOWING FIRST COURSE OF TREATMENT (2 patients, 5 relapses) 
Onset of relapse after cessation of therapy (weeks): range— 2 to 13 
Duration first course of streptomycin (weeks) 8 and 10 
Duration second course of therapy (weeks) 21 and 21 
Duration third course of therapy (weeks) 5 and 0.5 (fatal) 
Duration fourth course of therapy (weeks) 11.5 (fatal) 


* One patient received 0.5 gm. streptomycin intrathecally on 2 occasions. 


** Excludes patient who survived 16 months, who received more than 600 gm. streptomycin 
n 3 courses during that period, and who was given 288 intrathecal injections of 0.1 gm. 
streptomycin. For the greater part of his treatment the patient received 2.0 gm. streptomycin 
ntramuscularly daily. 
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curred early in the course of treatment 
To take a single dramatic example, 3 
of the 11, who were in coma and ap- 
parently moribund at the time treat- 
ment was started, became afebrile and 
quite rational within 2 weeks. Relief 
of attendant symptoms also occurred 
in a number of these patients. Six had 
moderate to marked relief of dis- 
tressing neurologic symptoms within 
7 to 12 days following the institution 
of therapy, and this relief was main- 
tained for an average of 60 days. Two 
of these 6 had, in addition, a reduction 
in symptoms due to associated tuber- 
culous foci. In one, laryngeal lesions 
and advanced pulmonary tuberculosis 
had made the patient progressively un- 
comfortable for almost 6 months prior 
to the onset of meningitis. Within a 
few days of the start of treatment, both 
the disturbing cough and the dysphagia 
disappeared. In the other, a pulmo- 
nary lesion was markedly improved. 

The 2 patients who survived for the 
longest periods (10 and 16 months) had 
received 2 and 3 courses of strepto- 
mycin, respectively, and were receiving 
their 3rd and 4th courses at the time 
of their death. Although they had 
made complete clinical recoveries from 
their initial attacks and earlier relapses. 
streptomycin was entirely without ef- 
fect on their final relapse. It is pre- 
sumably significant that tubercle bacilli, 
both from their spinal fluid and sputa, 
were resistant to 1000 meg. per cc. dur- 
ing their last course of treatment. Un- 
fortunately, similar data are not avail- 
able during their earlier relapses. In 
neither patient did the spinal fluid ever 
become entirely normal. 

The gross and microscopic studies of 
the meninges and brain of 8 of these 
11 patients who subjected to 
autopsy revealed analogous findings. 
The cerebrospinal fluids were all gross- 
ly cloudy and 4 were positive for tu- 
bercle bacilli. There was an active 
arachnoiditis over the base of the brain 


were 
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in each, and in most there was a thick. 
often friable, fibrinous exudate extend- 
ing over the pons and onto the cerebel- 
lum. 
was 


In some, evidence of meningitis 
found the cerebrum. All 
vessels in the regions of disease were 
The 
5 were dilated 
to some degree, although the choroidal 


over 


uniformly and largely engorged. 
ventricular systems of 


plexi were apparently normal in 3. 
Microscopically, the meninges in the 
involved areas were usually diffusely 
thickened and densely infiltrated with 
lymphocytes. 
lioid cells were found scattered through- 
out but them 
capsulated. Central 
few 


Tubercles with epithe- 


most of were well en- 


caseation was 
there was be- 
Infarcts due to 
frequently 
seen and. in the regions of the tissue so 


common and in a 
ginning calcification. 
thrombosed vessels were 
destroyed, tuberculous lesions could be 
seen extending into the brain substance. 
substance, of 


Tuberculomas in brain 


indeterminate age and of various sizes 
were found in 5 of the 8 patients, but 
in none were acid-fast bacilli found. 
Each was encapsulated although the 
centers were necrotic and caseating tu- 
bercles were found in the periphery of 
3. 

The most significant finding in the 
majority was the organization seen in 
Another significant 
observation the rather marked 
amount of tuberculosis in the brain 
substance, most of which had appar- 


the leptomeninges. 
was 


ently extended from overlying tuber- 
culous processes in the meninges. 

The Li Sixteen patients in the 
series have thus far survived. Although 
it is quite possible that some, or even 
all, of them will eventually relapse and 
die, they have lived from 4 to 14 
months after the onset of their illness 
(average 7.5 months) and the majority 
are, at this time, free of stigmata of 
central nervous system infection. 

All patients (Table 7) received intra- 
thecal the 


Vind. 


streptomycin and during 
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course of therapy from 45 to 150 single 
imjections were given. The amount 
used per injection was usually 0.1 gm. 
but varied from 20 mg. to 500 mg. 
This latter dose was given twice to one 
patient and produced extremely severe 
nerve root pain on both occasions. The 
total amount administered by this route 
during the course of treatment varied 
from 3.5 to 15.4 gm. The intramus- 
cular route was also employed and, 
with a single exception, each patient 
received at least 1.8 gm. daily, 3 were 
given 2.4 to 4 gm. during the first 1 to 
t weeks and 1 received 2.4 gm. daily 
for 150 days. Single courses of treat- 
ment, with one exception, extended 
from 115 to 180 days. 

Tuberculous lesions outside the cen- 
tral nervous system in these patients 
were sometimes benefited by strepto- 
mycin. In 2 patients, pulmonary tu- 
berculosis became arrested and in 4 
others the lung lesions were consider- 
Cutaneous sinuses 
healed in 1 patient and renal tubercu- 
losis in another became quiescent so 
that a nephrectomy could be safely 
performed. 


ably improved. 


rhe common response to treatment 
can be best described by presenting a 
case report: 


Case 3. F. McK., a 34-year old white 
male, was admitted to Veterans Adminis- 
tration Hospital, Dayton, Ohio on June 
21, 1946, with a diagnosis of tuberculous 
meningitis. Pulmonary tuberculosis had 
been diagnosed 1 year previously and 
after a period of bed rest and the institu- 
tion of a right pneumothorax at another 
hospital, he had, since early 1946, been an 
imbulatory patient. Symptoms at the tine 
of admission in June were characteristic 
of meningitis—headache, blurred vision. 
stiff neck, nausea and vomiting. Their 
mset had been ushered in a few hours 
previously by a shaking chill and subse- 
juent fever of 101° F. Physical exami- 
tation revealed an acutely ill, irritable, 
white male with thick speech, slow cere- 
ration and delayed response to stimuli. 
Nuchal rigidity was marked, deep reflexes 


were absent and there was a positive Ba- 
binski sign. The spleen was not palpable. 
Laboratory findings showed a white cell 
count of 6000 and a normal differential. 
Spinal fluid on that day was positive for 
acid-fast bacilli, later proved by culture; 
it contained 139 cells, 806% of which were 
polymorphonuclear leukocytes, 37 mg. per 
100 ce. sugar and the tryptophane test was 
positive. 

During the next 8 days, the patient's 
temperature rose daily to 102°-103° F., 
projectile vomiting was common, and he 
was gravely ill. Streptomycin was started 
June 28, 1946, in a dosage of 2.4 gm. 
daily intramuscularly (.4 gm. every four 
hours) and 0.1 gm. intrathecally every 
other day. 

The patient’s general condition started 
to improve immediately. Within 1 month, 
fever was reduced to below 100°, head- 
ache, nausea and vomiting became less 
bothersome and the nuchal rigidity grad- 
ually relaxed. He became alert and his 
appetite returned. This degree of im- 
provement was maintained until Septem- 
ber. During this 2-month period, hearing 
loss was noted and when it was observed 
to be progressive. 30 days after the start 
of treatment, the intramuscular dosage of 
streptomycin was reduced from 2.4 gm. to 
0.6 gm. daily. 

Early in September, streptomycin was 
discontinued for 5 days. Fever rose with- 
in 48 hours, vomiting started again, and 
the patient relapsed into a state of sub- 
acute but progressive illness. Because of 
these evidences of relapse, streptomycin 
was started in the reduced daily dosage 
(0.6 gm. intramuscularly and 0.1 gm. in- 
trathecally) and continued without inter- 
ruption until January 10, 1947. At the 
time the second course of streptomycin 
was started, spinal fluid cell count was 
over 100 (60% lymphocytes), the sugar 
had remained below 30 mg. per 100 ce. 
and the proteins were elevated. The 
fluid was, however, sterile. 

During September and until mid-Octo- 
ber, 1946, the patient became progres- 
sively worse, and it appeared that he would 
surely die. Intractable vomiting necessi- 
tated the use of parenteral feedings as 
well as gastric tube feedings. He lost 
weight and became listless and apathetic. 
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His fever continued above 100° and neu- 
rologic signs of ankle clonus, diminished 
peripheral vision, and sluggish reflexes 
were evident at all times. In the middle 
of October, without change in treatment 
program, this downhill course was grad- 
ually reversed (120 days after onset of his 
illness). He began to eat, and his com- 
plaints of blurred vision, diplopia and 
headache diminished. Mental alertness 
returned, his speech, previously _ thick, 
cleared and he was able to write and talk 
normally. By December first, he was 
asymptomatic and without evidences of 
neurologic abnormalities, able to walk 
about his room, shave and perform all 
simple muscular exercises. There was no 
fever. Spinal fluid early in December 
contained 18 cells. The sugar was normal 
for the first time since the first diagnostic 
lumbar tap but the proteins 
above 100 mg. per 100 ce. 
become negative by 


remained 
Sputum had 


smear and culture 


and although a pneumothorax hid details. 


of his pulmonary disease, there appeared 
to have been improvement in that as well. 
This state of freedom from evidences of 
infection has continued to date. 

1947, the patient com- 
plained more bitterly than usual about 
the shooting pains down his legs at the 
time of, and following, intrathecal injec- 
tions of The physician, 
unable to demonstrate abnormalities on 
neurologic examination, continued the 
every-other-day injections until January 
15. On that day, transient paraplegia 
developed following a spinal tap and it 
persisted for the next 48 hours. Despite 
it, a final injection was made. Following 
this, there was an acute exacerbation of 
the symptom complex, and a complete 
transverse myelitis, with loss of urinary 
bladder control, became apparent. Strep- 
tomycin was then discontinued (intramus- 
cular streptomycin had been discon- 
tinued 1 week earlier), after a total of 168 
gm. intramuscularly in 190 days (5-day 
lapse excluded) and 9.8 gm. intrathecally 
given in 98 injections over 195 days. 

On January 18, the Ist day after ther- 
apy was stopped, the patient’s neurologi- 
cal examination was as follows: marked 
atonia and weakness of all muscles of the 
lower extremities, an unsteady gait, di- 


In January 


streptomycin. 


MENINGEAL 


TUBERCULOSIS 


minished deep reflexes and hypesthesia. 
Evidences of disturbed vestibular func- 
tion and hearing loss were also present. 
intact and reflexes were 
Clinically, the patient 
was cheerful, his appetite was satisfactory, 
and he was afebrile. Intermittent, mild, 
daily, headaches were, however, a con- 
tinued complaint. His pulmonary tuber 


Sensation was 


active elsewhere. 


culosis was considered quiescent. 

One month later, the evidences of para- 
plegia had the muscular 
weakness had improved, reflexes became 


disappeared, 


equal and active, the unsteady gait im- 
proved and he learned to walk without 
support. Deafness, not apparent in con- 
the vestibular 
signs had, however, not improved. 

Spinal fluid at the end of treatment re- 
vealed 40 cells and proteins above 100 
mg. per 100 ce. 
count had fallen to 10, all lymphocytes, 
and the protein had fallen to 70 mg. At 
last report, the patient was continuing in 
the same state of good health with normal 
spinal fluid cell count, but with slightly 

In early 
almost 24 


versational range, and 


Three months later, cell 


elevated protein concentration. 
June, 1948, he had 
months there 
of active tuberculosis either of the lungs 
or central nervous system. 


survived 


and were no. evidences 


This case was unusual in the slow- 
ness of his response since, although the 
characteristic initial improvement oc- 
curred, the patient suffered a relapse 
and true recovery did not begin until 
well after the 90th day of treatment. 
It may be that the reduced intramus- 
cular which was employed 
(14 or less than that used in the other 
cases) was responsible for the delay. 
This point aside, the clinical response 
of 9 other surviving patients was very 
similar. Two, having survived their 
meningitis for 11 and 7 months, have 
been released from the hospital and 
1 has returned to his work as a gaso- 
line station attendant. Seven others, 
although still hospitalized, are being 
rehabilitated and are, to all purposes, 
recovered. The remaining patient, be- 
cause of active pulmonary tuberculo- 


dosage 
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sis which improved during therapy but 
is still far advanced, remains on a bed- 
rest regimen. Spinal fluid protein 
levels remain elevated in 6 of these 
10 patients and cell counts are above 
LO in 3. 

Of the 6 surviving patients whose 
response has been less dramatic than 
those of the 10 just described, 1 is still 
under treatment and it is not fair to 
evaluate the results of therapy. He 
appeared moribund when treatment 
was started and now, after 120 days 
of therapy, has minimal evidences of 
active central nervous system tuber- 
culosis.+ A 2nd patient, following mod- 
erate clinical improvement during 
therapy, relapsed and is at this time 
in the end stages of progressive and 
fatal tuberculous meningitis. Treat- 
ment has not been started again. A 3rd 
patient, experiencing early and marked 
clinical improvement, continues to 
have signs of meningitis and further 
improvement has ceased. The remain- 
ing 3 patients, all of them free of active 
meningeal signs, have active and pro- 
gressive pulmonary tuberculosis and 
the final outcome must be considered 
highly dubious.** 

Summary of Cases of Meningitis. 
Forty-three patients with proven tuber- 
culous meningitis but without evi- 
dence of manifest miliary tuberculosis 
have been treated with streptomycin 
(Tables 3 and 7). Sixteen died within 
6 weeks of onset of therapy without 
showing any important influence of 
streptomycin upon the course of their 
disease. Eleven other patients died, 
but their life span was definitely pro- 
longed by therapy, 9 of them surviving 
for an average of 3.3 months and the 


other two for 10 and 16 months. Six- 
teen patients are still alive. Ten of 
these are free of all signs of infection 
although, in 6, all constituents of the 
spinal fluids have not returned to nor- 
mal values. The remaining patients, 
although living and improved, con- 
tinue to show evidences of active tu- 
berculosis and the results of therapy 
cannot be thoroughly evaluated at the 
present time. It was found impossible 
to prognosticate the outcome in any 
individual case either from the com- 
position of the spinal fluid at the time 
treatment was started, from the mental 
status of the patient at that time, or 
from the interval between the devel- 
opment of symptoms and the initiation 
of therapy. 

Laboratory and Clinical Observa- 
tions and Their Prognostic Significance. 
There are collected in Table 8 certain 
data on the spinal fluid and the clinical 
status of 68 patients with tuberculous 
meningitis, both at the time their treat- 
ment was started and at its completion. 
This Table includes all patients in the 
2 groups which have been last de- 
scribed and from it are excluded pa- 
tients whose meningitis did not be- 
come manifest until after the institu- 
tion of treatment for miliary tubercu- 
losis. These data were examined in 
the hope that certain of them might 
be of prognostic significance. This 
hope has not been realized. 

Specimens of cerebrospinal fluid 
(Table 8A), collected prior to treat- 
ment, show the anticipated abnormal- 
ities in cell count, differential count, 
protein concentration, and sugar con- 
centration, in the great majority of 
instances. At the conclusion of treat- 


+ This patient’s therapy was discontinued in November, 1947, following 6 months’ continu- 
jus treatment with streptomycin. He has made a surprising recovery and is at this time free 
f central nervous system infection, albeit his spinal fluids continue to be abnormal. This 
individual remained gravely ill for 3 months despite treatment and significant improvement 
nly began in the 4th month of therapy with streptomycin. 

** One of these patients died in November, 1947, from destructive and progressive pulmo- 
nary tuberculosis. At the time of death he had been free of all evidences of tuberculous 
neningitis for more than 7 months and had received no therapy for 4 months. 
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still greater exteni 
during follow-up observation, the cell 
count in the surviving patients 
been reduced and the sugar concentra- 
The 
protein concentration has been much 
slower to return to 
already 


ment, and to a 


has 
tion returned to its normal range. 


normal, an ob- 
made by McDer- 
No one of these observations 
provided a constant guide to diagnosis, 
for the initial sugar 


were normal in 22% 


servation 
mott’. 


concentrations 
of the cases and 
the cell counts and protein concentra- 


( 


tion normal in 6 and 7% respectively, 
the diagnosis in these latter instances 
being made by the demonstration of 
acid-fast bacilli in the spinal fluid. 
Nor, in retrospect, could the observa- 
tions have been used as a prognostic 
guide. A normal sugar concentration 
at the pre-treatment observation was 
no assurance of survival and 4 of the 
5 patients with normal protein con- 
centration, and who might thereby 
have been thought to have a minor 
infection, died. 

The fever and the mental status of 
the patients (Table 8B) at the time 
treatment was instituted, was not only 
markedly alleviated in those who re- 
covered, as has already been remarked, 
but also in a number of those who did 
But neither of these ob- 
servations proved to be of prognostic 
import. Several afebrile patients died 
within a month and others, with very 
high initial temperatures, proceeded to 
recovery. Similarly, 2 patients who 
were initially in deep coma survived, 
whereas 2 others, who appeared least 
ill, died rather promptly. 


not survive. 


It would seem reasonable to assume 
that the earlier therapy was instituted 
the better would be the results. But 
this assumption was unjustified in this 
series (Table 8C). In eleven of 43 
patients with meningitis, treatment was 
started within the Ist week of the 
disease. Five died, 4 within 2 weeks 


MENINGEAI 
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of the commencement of treatment. 
Of 12 with than 2 
weeks duration before the institution 


In those with 


disease of more 
of therapy, 6 survived. 
miliary and meningeal disease, only 1 
of § was 
started within 1 week of the onset of 


survived when treatment 


the disease, whereas 2 of 5 are still 
alive, even though therapy was de- 
layed for more than 3 weeks. More- 


over, the duration of survival in those 
died not affected by the 
promptness with which therapy was 


who was 
instituted. 
Toxicity. Full discussion of the un- 
toward side effects which accompany 
prolonged administration of  strepto- 
mycin can be found in the literature*” 
‘° In this series, toxic manifestations 
95% of the 


patients, and, excluding for the mo- 


were observed in over 


ment the instances of vestibular hypo- 


or a-function produced by strepto- 


mvecin, serious reactions occurred in 


28 patients (28%) and hastened death 
in at least 5 of these (Table 9). 

Of the 40 patients still living, deaf- 
ness or loss de- 


significant hearing 


veloped in 7 and a lesser degree of 


loss occurred in 4 others (28%). The 
3 patients (S' who became com- 
pletely deaf during treatment have 


failed to regain their hearing after its 
termination. The remaining 8 (20%) 
whose hearing was reduced have re- 
gained some degree of hearing and 6 
of the 8 are no longer deaf for the 
The 


loss in hearing usually became manifest 


conversational range of tones. 


by audiometric examination within the 


Ist month of therapy but did not 
reach significant degrees until after 
the 60th day in the majority. From 


the information thus far available in 
this series, it is impossible to determine, 
either pathologically, 
whether resulted from the 
whether it represents a 
specific streptomycin effect. In the § 


clinically or 
deafness 
disease or 
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patients whose hearing was not com- 
pletely lost, 6 did not have equal loss 
in both ears, one being much worse 
than the other. This would, by infer- 
ence, indicate that tuberculosis was 
the cause of the disability. The very 
much higher incidence of this compli- 
cation in the present series (28°7) than 
that which obtains (1.27) during the 
treatment of other types of tubercu- 
losis with similar doses of streptomy- 
cin* argues in the same direction. The 
examination of pathological specimens 
of the patients who have died may 
resolve this argument. 

Exfoliative dermatitis occurred in 4 
patients. Three of them died shortly 
after its onset and it was, without 
doubt, a major contributing cause of 
death. In all instances, it developed 
during the 4th week of therapy and 
had been preceded by a rash and 
eosinophilia. The 4th patient survived 


the exfoliation and is still living. At 
the time the complication developed, 
the daily dose of streptomycin was 
reduced to 1.0 gm. but it was not 
discontinued as would presumably have 
been done had the type of tuberculosis 
been a less fatal one. 

Anuria developed in 2 patients and 
uremia with oliguria in 2 others during 
the administration of streptomycin. All 
{ died but it cannot be stated that 
streptomycin was the direct cause of 
death. Two had previously existing 
renal tuberculosis and the others had 
evidences of a non-specific nephritis. 
Diminished function did not become 
apparent in any of them until after 
streptomycin had been administered 
for at least 3 weeks. Pathological ex- 
amination of kidney tissue did not re- 
veal abnormalities suggestive of a 
streptomycin effect’. Seven patients, 
without previously known renal dis- 


TABLE 8 


Clinical and Laboratory Observations In 68 Patients with Tuberculous Meningitis 
With or Without Evidences of Generalized Miliary Tuberculosis 


A. SPINAL FLUID FINDINGS 


Number of Patients 


Betore Pheiapy LIVING (2] DEAD (47) 
(68 Examination Last Examination Final 
at End of 1 to 9 Months Examination 
Initial Treatment after Cessation of Before 
Examination Period lreatment Death 
TOTAL NUMBER CELLS,/cmm 
Less than 10 4 2 7 8 
Between 10 and 50 15 8 5 9 
Between 50 and 100 9) ] 5 5 
Over 100 33 7 2 30 
Not reported 7 3 2 0 
POLYMORPHONUCLEAR CELLS 
Above 50% 17 l 2 9 
Below 50% - 42 17 17 35 
Not reported 9 3 2 3 
PROTEINS 
Normal 5 l 4 0 
Between 60 and 100 mg. per 100 cc. 13 6 9 14 
Above 100 mg. 44 1] 6 29 
Not reported 6 3 2 4 
SUGAR 
Normal 15 2 6 1 
Below normal 31 3 1 24 
Not reported 2 16 14 22 


it. 

2 
on 

th 

] 

as 

of 

ill 
le 

e 

Sse 
he 
‘as 

n- 
ny} 
O- 
ns 
he 
oO 
in | 
th 

| 
le 

he 

n- 

ve 

its 

e 

6 
he 
he 

he 
ot 

er 
m | 

in 

1e, 
ly 
he 

a 

S 


310 


BUNN: MILIARY AND MENINGEAL TUBERCULOSIS 
TABLE 8& CONTINUED 
B. CLINICAL FINDINGS 
Number of Patient 
Betore Therapy LIVING (21 DEAD (47 
6 At End of Last 
Treatment Examination 
FEVER 
Below LOO degrees | 5 7 14 2 
Between 100 and 103° | 20 10 8 | 2 } 8 13 
Above 108 degrees I 1s 1] | 0 0 0 10 
MENTAL STATUS 
Semi-stuporous 16 } } 13 
Deep Coma 18 0) 0 0 0 12 
C. DURATION DISEASE PRIOR TO THERAPY 
Number of Patients 
DEAD (47 
WITHIN 6 
DURATION \T START OI LIVING (21 WEEKS OI AFTER MORE 
TREATMENT rHE START THAN 6 WEEKS 
AS MEASURED OF THERAPY OF THERAPY 
FROM ONSET OI 4= 
FEVER OR = = = 
HEADACHE = 3.8 = =| = 3.5 
to 7 days L] Ss 6 > 
8 to 14 days 18 0 7 0 
15 to 21 days 9 9 6 
Over 21 day 5 2 2 2 l 
Unknown 9 0 | 0 0 
lotal $33 25 16 16 14 L] 6 


TABLE 9 


Severe Toxic Manifestations Following Therapy With Streptomycin 
100 Cases 


Reaction 
Hearing Loss 
Kidney Damage 
Extoliative Dermatitis 
Granulocytopenia 


rotal 


Number and Percent of Patients Developing 


Number of Patient 


Marked 
l 


Complete 


20 


Reactions 


28. 


| 
| Minimal or Partia 
0 
| 17 


tis 


SNiening 


i~ 


Meningiti 


irtia 
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ease, developed urinary abnormalities 
and in 3 of them a mild degree of 
azotemia appeared. Streptomycin was 
discontinued in these 3 instances, and 
kidney function tests and urinalyses 
reverted to normal shortly thereafter. 
Streptomycin was continued in the 
other 4 and although cylindruria, al- 
buminuria, and reduced urea clearance 
values continued, more serious impair- 
ment of kidney function did not devel- 
op. Three of the 7 patients died 
during therapy and specific damage to 
kidney tissue was not discovered at 
autopsy. Since cessation of treatment 
in the remaining 4 patients, the abnor- 
mal urinary sediments have cleared, 
albumin has disappeared from the 
urine in 3 and urea clearance tests are 
now normal in all. 

\granulocytosis developed in 1 pa- 
tient with acute miliary tuberculosis. 
Because it reached such severe propor- 
tions (total count 700), and because 
angina developed, streptomycin was 
discontinued. Thereafter, despite pro- 
gressive and eventually fatal miliary 
tuberculosis, circulating white blood 
cell counts returned towards normal. 
Bone marrow studies were unfortu- 
nately not performed. The total white 
blood cell count in one other patient 
with meningitis fell to 1500 during 
therapy but the granulocytes did not 
disappear completely. Treatment was 
continued and, despite it, the count 
returned to normal levels. This pa- 
tient did not have an associated miliary 
tuberculosis. 

Signs and symptoms of vestibular 
damage,”***"* were present in over 
90% of all patients who survived more 
than 6 weeks and have persisted in 37 
of the 40 who are still alive. 

\ complication peculiar to.the intra- 
thecal use of streptomycin results from 


series, 


its irritant action. The great majority 
of patients receiving streptomycin in 
doses of 100 mg. or more by this route 
complained of pain following each in- 
jection. The pain appears promptly, 
is sharp and stabbing in character with 
a sciatic radiation down both legs 
which is worse on the dependent side, 
and may persist with considerable 
severity for as long as 3 hours. On 
occasion it has been sufficiently severe 
so that patients have refused further 
injections. In addition to the pain, 
6 patients have developed paraplegias 
which were attributed to the local 
irritant action of streptomycin and were 
sufficiently marked to require interrup- 
tion or cessation of intrathecal injec- 
ticns. In each instance, as in Case No. 
3, the signs and symptoms disappeared 
when treatment was discontinued. 
Further than this, 3 patients have ex- 
hibited hyperactive tendon reflexes in 
both legs for several hours after each 
of many injections. The incidence of 
paraplegia appears to be directly re- 
lated to the size of the intrathecal 
dose: 3 cases developed in 8 patients 
receiving daily injections in excess of 
100 mg., whereas only 3 developed 
in 60 cases receiving 100 mg. and none 
in 60* receiving 50 mg. every alternate 
day. 

Summary of Toxicity. The manifes- 
tations of toxicity encountered in this 
series are not unlike those encountered 
by other investigators employing simi- 
lar doses of streptomycin®**. Damage 
to the 8th cranial nerve, to the kidney, 
and a sensitivity reaction manifested 
by fever and a skin eruption of varying 
severity continue to be the most com- 
mon evidences of toxicity. The most 
severe reactions and their incidence 
are listed in Table 9. Three points 
deserve mention. The effect upon 


* These patients were treated subsequent to May, 1947, and are not included in the present 


| 
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hearing is much more common than 
has been the case in treating other 


types of tuberculosis but this may be 
an indication of disease rather than of 
toxicity. One case of agranulocytosis 
and another of leukopenia are reported. 
Streptomycin is a local irritant and its 
intrathecal injection produces pain and, 
on occasion, paraplegia; these phe- 
nomena are a function of dosage; they 
may be minimized, and perhaps abol- 
ished, by using slow, well-diluted, in- 
jections of 50 mg. of streptomycin on 
alternate days, a regimen which has 
been found to maintain adequate con- 
centrations (exceeding 5 
per cc.) in the cerebrospinal fluid. 

Discussion. 
proven acute miliary tuberculosis and 


micrograms 
One hundred cases of 


tuberculous meningitis have been treat- 
ed with streptomycin administered by 
the intramuscular and, in the presence 
of meningitis, by the intrathecal route. 
Forty of these patients (Table 3) have 
remission of their disease and 

Twenty-four who 
ultimately died, lived for longer than 
6 weeks following the institution of 
therapy and experienced definite clini- 
cal improvement during its early stages. 
These 2 statements provide definite 


had a 


survive patients, 


evidence of the usefulness of strepto- 
For 
the first time, the phthisiologist is armed 
with an effective chemotherapeutic 
weapon against diseases which, in all 


mycin under these circumstances. 


the past, have been uniformly and un1- 
versally fatal. 

This is not to say that the weapon 
is a perfect one. Sixty percent of the 
patients are dead and, of the survivors, 
have evidence of irreversible 
brain damage and others, it is antici- 
pated, will suffer relapses and death 
in their course. 


several 


The question arises 
whether the weapon would have given 
better results had it been differently 
used, in different dosage or for different 
lengths of time. The present study 


MENINGEAL 


TUBERCULOSIS 


does little to inform on this point for, 
although there were considerable over- 
all variations in the daily intramuscular 
(0.6 to 4.0 gm.) and intrathecal (0.01 
to 0.2 gm.) dosage, a very large majority 
of the patients received 1.8 gm. and 0.1 
gm. respectively and, of the survivors, 
a great majority were treated for be 
tween 120 and 180 days. Other regi- 
mens can therefore scarcely be said to 
have been explored. At the present 
time. the effectiveness of larger intra- 
muscular dosage and of administering 
streptomycin with 
studied 


a combination of 

intravenous promin is being 
in Veterans Administration hospitals. 
Insofar as the present series prov ides 
evidence on this point, it does not lead 
one to think that daily doses of less 
than 1.8 gm. for less than 90 days would 
be advisable. On the other hand, it 
seems unlikely that treatment extend- 
ing beyond 120 days would be useful 
in a majority of patients since some 
two-thirds’ of them will have de- 
veloped a_ resistance to streptomycin 
by this time, if one is willing to accept 
in vitro sensitivity tests as indicative of 
this state. It is, of course, obvious that 
a precise definition of dosage can not 
be given. In those few instances in 
which clinical improvement continues 
and in whom organisms remain sensi- 
tive to the antibacterial effects of strep- 
tomycin, therapy for periods longer 
than 90 to 120 days is indicated. In- 
deed it seems important to do so, in 
order that relapses be prevented. Ex- 
cluding those instances in which clini- 
cal improvement was followed by pro- 
gression of disease while streptomycin 
was being administered, a circumstance 
presumably caused by the develop- 
ment of bacterial resistance, 5 of the 
11 relapses in this series occurred afte1 
treatment periods of less than 90 days. 
As the retreatment of 9 of this group 
of 1] failed to excite a 
second response, it would 


individuals 
favorable 


BUNN: MILIARY AND 


appear that the prevention of a relapse 
by an adequate first course of therapy 
is imperative. 

It was found that severe reactions 
accompanied the intrathecal injections 
of 0.1 more of streptomycin 
and it is believed that these reactions 
can be avoided without comparable 
loss of efficacy by reducing the dosage 
to 0.05 gm. and injecting it slowly and 
well diluted. As was pointed out in 
the preceding section, injections of 50 
mg. on alternate days will maintain 
presumably effective spinal fluid con- 
centrations of streptomycin for the 45- 
interval. It appears from this 
series that every-other-day injections 
for 3 or 4 months will provide adequate 
intrathecal therapy for tuberculous 
ineningitis and that this total number 
10 to 50) will be tolerated by most pa- 
\lthough the comparable ef- 
fectiveness of intramuscular versus in- 
trathecal streptomycin in the treat- 
ment of tuberculous meningitis would 
be interesting to determine, a study 
of this character has not appeared 


gin. OF 


hour 


tients. 


justifiable. 

In the body of this article, the dis- 
eases with which it is concerned have 
been described separately and in the 
several combinations in which they oc- 
curred. By all odds the most successful 
results have occurred in the patients 
with acute miliary disease unaccom- 
panied by meningitis. Of the 22 cases 
in this group,-16 (73%) are alive for 
from 4 to 14.5 months following the 
initiation of therapy and 14 have ap- 
parently recovered. Roentgenographic 
evidence of pulmonary dissemination, 
in these patients, has commenced to 
clear after 60 days of treatment and 
has frequently gone on to complete 
disappearance. This is quite consistent 
with the demonstration® that recent, 
small, pulmonary lesions respond best 
to streptomycin, but it is, nevertheless, 
a quite novel and dramatic observation. 
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On the other hand, the group which 
has responded least well to strepto- 
mycin has been composed of patients 
with both meningeal and disseminated 
tuberculosis. Although 5 of these 
20%) are still alive, only 2 are free of 
evidence of nervous system and pulmo- 
nary infection and 1 of these 2 has 
irreversible brain damage. One can 
only speculate as to the reason for the 
failure. It is consistent with the un- 
fortunate association of the two dis- 
eases that, of 10 patients who devel- 
oped meningitis either during or sub- 
sequent to treatment of their miliary 
tuberculosis with streptomycin, only 3 
are living 9 to 12 months after the onset 
of their disease and but 1 of these 3 
could be characterized as a recovery. 
The development of meningitis has 
come to appear as the chief obstacle 
to the successful treatment of miliary 
disease by streptomycin. These find- 
ings do not vitiate the previous state- 
ments concerning the effectiveness ot 
streptomycin upon pulmonary dissem- 
inations for, in a majority of the pa- 
tients who lived sufficiently long, a 
definite clearing of these lesions was 
observed antecedent to death. In the 
3 instances of combined disease in 
which improvement occurred and was 
maintained, the remission of the in- 
fections in each might be explained 
by the antimicrobial effect of strepto- 
mycin which was accompanied and 
followed by a sufficient response of the 
host's defense and reparative mecha- 
Thus control of the infection 
developed and the remission became 
sustained. On the other hand when 
improvement of the infection was not 
maintained, one can speculate that at 
the time the host’s organisms became 
resistant to the antibacterial effect of 
streptomycin, improvement ceased and 
relapse occurred because the host was 
unable to produce adequate defenses. 
In the group who did not respond to 
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any degree and in those who developed 
central the 
failure of streptomycin may be attribut- 
able to its inability to promote bene- 
ficial 


nervous system residua, 


established irrever- 


sible pathological situations. 


changes in 


Falling midway between these 2 
the point of 
results, are the 43 patients with tuber- 


groups, trom view of 
culous meningitis unaccompanied by 
other evidence of a disseminated proc- 
Sixteen of these patients (37%) 
living 4 to 7 months after the 
beginning of treatment and, although 
the cerebrospinal fluid 
completely normal in only 4, 10 of 
them have completely recovered from 
all clinical evidence of disease. This 
is, of course, quite without precedent, 
and must be attributed solely to strep- 
tomycin, even though it be admitted 
that some, or even all, of these patients 
may subsequently suffer relapses and 
death. the 
the clinical remissions can not be pre- 


ess. 
are 


has become 


Because permanence of 
dicted, the term “cure” has been pur- 
posely avoided’ throughout. 

One hundred patients 
with proven acute miliary tuberculosis 
and/or tuberculous 


Summary. 
meningitis have 
been treated with streptomycin in 52 
Administration and contract 
Forty of these patients are 
still alive between 4 and 14.3 months 
following the initiation of treatment. 
The pulmonary dissemination of mili- 
ary tuberculosis proved the most re- 
sponsive to streptomycin but a con- 
siderable number (37%) of patients 
with tuberculous meningitis have also 
survived. 


Veterans 
hospitals. 


These results are interpreted not so 
much as meaning that streptomycin 
can cure these 2 types of disease bul 
rather as indicating, beyond cavil, that 
it is capable of influencing favorably 
the course of tuberculosis. 

Addendum: It is proposed to publish 
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in this Journal, at intervals, a brief note 
describing the fate of the 40 survivors of 
the group. The first of these notes is as 
follows: 


On June 1, 1948, 8 months after this 
report had been submitted for pub- 
lication, 24 of the 100 patients were 
alive. Fifteen of the 40 survivors 
described had died and one was lost 
to the follow-up. 

Three of the deaths during the past 
8 months occurred in the group origi- 
nally with miliary tuberculosis. All 
developed meningitis. Seven individ- 
uals with meningitis died, 5 during 
relapse or progression of the original 
disease and 2 following progressive 
pulmonary disease. Neither of these 
latter had evidences of meningeal tu- 
berculosis at the time of death. Five 
patients who had miliary 
and tuberculosis died, all 
with recurrences or progression of the 
original meningitis. Three of 
latter 5 had no pulmonary 
involvement at autopsy. 

Of the 24 patients still living, 10 
have moderate to severe impairment 
of labyrinthine function, 1 continues 


combined 
meningeal 


these 
miliary 


deaf and 3 have neurologic sequelae. 


either from central nervous system 
damage or from the irritant effects 
of intrathecally-administered  strepto- 


mycin. 

Eight patients have foci of tuber- 
culosis, other than the disseminated 
which still Only 
| patient, whose miliary dissemina- 
tion was followed by 


form, are active. 
meningitis, is 
living and he is undergoing a fourth 
course of treatment for meningeal re- 
lapse. Although the miliary lesions 
remain “cured,” his prognosis is grave. 

Fifteen patients are either free of tu- 
berculosis or have arrested lesions; 7 
vere treated originally for miliary tu- 
berculosis, 7 for meningeal disease, and 
1 had therapy for combined disease. 
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From the Department of Medicine and the Pathological Laboratories, St. Luke’s Hospital 


Mac- 
in 1944 on the thymol turbidity 
as a measure of liver dysfunction 


The original observation by 
lagan 
test 
has received extensive investigation by 
Watson and Rappaport, McCord, 
Kline and Williams,’ Shank and Hoag- 
land,'? Mateer et and Neefe.* The 
modification of 


Maclagan’s_ original 


technique recommended by Shank and 
Hoagland 
although it represents an improvement 
in the sensitivity of the test and the 
objectiveness of the results. 


has not been widely used, 


Our in- 
terest in the test was stimulated by the 
ease and speed with which it is ac- 


complished in the laboratory. Accord- 


ingly the present investigation was 
undertaken: 
l. to determine the desirability of 


adopting the thymol turbidity test 
as a routine laboratory procedure. 


2. to investigate some of the factors 
which may alter the results of the 
test. 


3. to establish the results of the thymol 
turbidity test in a large ,series of 
persons who on routine physical 
and laboratory examination appear 
normal. 

1. to determine the results of the thy- 
mol turbidity test when run on a 
large series of hospital admissions 
with diseases generally believed sot 
to involve the liver. 

5. to add to the reports already in the 
literature the results of the thymol 
turbidity test in patients with various 
kinds of liver disease. 

(316) 


6. to compare the results of this test 
with the cephalin cholesterol floc- 
culation test of Hanger.’ 
Method and Procedure. The cephalin 

cholesterol flocculation test was performed 

with the modifica 
tion introduced by Neefe and Rheinhold.® 
The thymol-barbital buffer of pH 7.8 
was prepared as described by Maclagan.* 
The tests were performed by 


as described by Hanger 


adding 
0.1 ce. of serum to 6.0 cc. of the thymol 
barbital buffer in a calibrated test tube 
which was stoppered, shaken, and allowed 


to stand for 30 minutes. At the end of 
that time the tubes were inverted once 
and read in a Klett-Summerson photo 


electric colorimete equipped with a red 
filter of light transmission limits of 640 
to 700 my with 
at 660 my. The galvanometer 
justed to L0O% 


maximum transmission 
was ad 
transmission of light with 
a blank containing 6.0 cc. of thymol 
buffer. The turbidity of a given reaction 
is expressed in units derived from a stand 
ard curve prepared by using barium sul 
fate suspensions as recommended by 
Shank and Hoagland. The quantities 
of standards prepared were double thos« 
used by these authors in order to adapt 
the the Klett-Summerson 
photoelectric colorimeter. If a test tube 
6.0 cc. of distilled water is 
a blank, there is a straight line 
relationship between the optical densities 
of various dilutions of the barium sulfate 
standard at 660 my. This relationship was 
found to be true for a wave length of 
650 mu by Shank and Hoagland. Since 
the start of the present investigation 
Dodds? used a modification of the 
Shank and Hoagland procedure which is 
identical with that used in this paper. 


procedure to 


containing 
used as 


has 


— 
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Material. The subjects for these tests fast was 3.0 units. after breakfast 3.1 
were patients on the surgical and medical nits, and after lunch 3.6 units. Six 
wards of St. Luke’s Hospital. Specimens patients with high thymol turbidity 
of blood for normal controls were obtained readings gave an average reading be- 
from the resident population of the hos- fore breakfast of 8.3 units, after break- 
pital and from donors to the blood bank. anite 
fast 9.0 units, and after lunch 9.7 units. 

( 
had a complete physical examination in- \pparently the thymol turbidity test 
cluding urinalvsis. blood Wassermann. and. is not greatly influenced by the intake 
chest roentgenograms. The blood bank of food. although there seems to be a 
donors had a superficial physical examina- slight rise after meals. This series is 
tion and blood hemoglobin determination. too small to justify any quantitative 
Donors with a history of jaundice were not conclusions, but it is recommended that 
used, Patients with suspected liver dam- a] specimens be taken on a fasting 
age or those whose sera gave elevated 


stomach if possible. 


readings of thymol turbidity were investi MeCod ef al. 


used sera for the 
thymol turbidity test which had been 

Results. A. While the procedure previously inactivated for the Wasser- 
for determining the thymol turbidity of | mann reaction. The effect of inactiva- 
sera was being established, it was _ tion by heating at 56° C. for 30 minutes 
deemed advisable to test certain fac- was therefore tried on a number of 
tors which might influence or change — sera to see if such sera could be made 
the results of the test. Three such available for the thymol turbidity test. 


gated more completely. 


Taste Errecr or REFRIGERATION ON VALUES 


Days of Refrigeration 


0 ] 2 3 t 5 7 14 
Normal Thymol Turbidity Values 3.3 3.0 $.2 2.1 1.8 2.2 
Average of 9 cases) 
Elevated Thymol Turbidity Values. . . 13.6 14.4 14.2 183.8 13.5 13.7 13.6 13.5 
Ave rage of 6 cases 
factors were investigated. On 54 sera the thymol turbidity read- 
1. Standing at a temperature of 10° ings before inactivation gave an aver- 


C. seemed to have little effect on the age figure of 6.4 units; after inactiva- 
readings of 9 normal sera and 6 sera tion, 3.9 units. From these results it 
with elevated readings. The results was concluded that inactivation lowers 
are shown in Table 1 and showa rather — the thymol turbidity readings sufficient- 
remarkable degree of constancy over ly to make them inaccurate. It was felt 
a 2-week period. It would seem, there- that the low results obtained by Mc- 
fore, that thymol turbidity tests on Cord and his coworkers were probably 
refrigerated sera will be accurate over due to this effect of inactivation. 


considerable periods of time. -This 4. The effect of inactivation on the 
might find application in the testing cephalin-cholesterol flocculation test 
of blood bank blood or plasma. was also investigated. Sera which gave 


2. The effect of the time of day negative cephalin-cholesterol floccula- 
when the sample of blood is drawn _ tion tests were inactivated as described 
was then studied. Specimens were above and then tested again; all show- 
obtained before breakfast, after break- ed a change from negative to 2+ or 
fast. and after lunch. The average more. These results show that the 
reading for 7 normals before break- Hanger test cannot be run on inacti- 


est 
oc 
ilin 
ned 
ica 
ld t 
7.8 
in . 
ing 
nol 
ibe 
ed 
nce 
to 
red 
40 
ion 
ad 
ith 
nol 
Te 
ul 
by 
1es 
Ne 
ipt 
on 
ibe 
18 
ine 
ies 
ate 
as 
ot 
ion 
he 
is 


318 ERNST, DOTTI* EVALUATION 


Furthermore, the fact that 
becomes 


vated sera 
test 

and the other negative (thymol turbid- 
ity) would seem to be evidence of the 


one positive (Hanger) 


essential chemical difference between 
these two tests and that they depend 
upon different components of the ser- 
um. in agreement with the 
Recant, Chargoff, and 
Hanger!! and others.?*? 

B. Vormals 


500 supposedly normal individuals were 


This is 


conclusions of 


552 observations on 


THYMOL TURBIDITY TESI 

Figure 1, however, that a considerable 
number of normals have readings above 
5.0 in fact, 18%. An 


analysis of these results leads to some 


our series, in 
interesting conclusions: 
1. A number of normals with ele- 
vated thymol turbidity readings were 
tested again after varying time inter- 
vals. These repeated 
tabulated in Table 2. 
a series of normals with low thymol 


readings are 


Repeat tests on 


turbidity readings were also made. The 


made. Where more than one deter- results are tabulated in Table 2a. The 
NORMAL 
NON -LIVER DISEASE 
FIGURE -1 
2 DISTRIBUTION CURVE 
ay 
1.0'11-2.0 23-30 '3.1-40'81-50 61-7.0 135-40) 16.015) 180 
THYMOL VALUES 
Fic. 1.—Distribution of thymol values in 500 normal persons 
mination was made on a_ subject constancy of the readings is apparent. 
the average of these was taken as All these subjects were in apparent 


The mean 
with a mean deviation of 
1.8. Figure 1 shows the distribution 
of the results obtained on these 500 
normals. Shank and Hoagland,'® using 
barium sulfate standards and a spectro- 
photometer, obtained no_ readings 
above 5 units in 46 normal subjects. 
Similar normal values have been re- 
ported more recently by other observ- 
ers.” It will be seen from inspection of 


the figure for that person. 
value was 3.2 


health and going about their 
usual daily work. It would seem there- 
fore that a certain per cent of normal 
people do run a constantly elevated 
thymol turbidity test. 

2. From the theory of probabilities, 
about two-thirds of all observations in 
an experimental series should not be 
farther from the mean than + ec, where 
e is equal to the mean deviation for 
the series. Applying this theory, we 


good 
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2. Repeatep DETERMINATIONS ON ELEvATED Tursipity READINGS 
(NoRMAL Casgs) 


Initial Reading 


“Ve 
oor 


Taste 2a. Repeateo DETERMINATIC 


THYMOL 

Initial Repeat 
Reading #1 #2 #3 

1.9 

0.2 

2.3 3.0 

3.0 2.0 

4.0 3.6 4.0 

1.8 2.7 

1.4 

+.0 3.8 

3.6 2.3 2.5 2. 6 2 

3.6 4.8 

3.2 

3.0 2.6 

2.3 +.1 

4.8 2.9 4.1 


find that 66% of our normals fall in 
the range of 1.4 to 5.0 units which is 3.2 
the mean) + 1.8 (the mean deviation). 
$5% of the normals lie in the range 
from 0.0 to 6.8 units (mean + 2e) and 
99% lie in the range of 0.0 to’ 8.6 
units. (mean + 3c), which again com- 
plies with the theory of probabilities. 
It appears then that (a) one would not 
expect all normals (in a large enough 
series) to be as close to the mean as 
previous investigators have reported, 
and (b) that it is to be expected to find 
a certain number of normal persons 


Repeat #1 


Repeat #2 
4.4 


Ore 


Sant 
~) 


NS ON ReEapINGs BEeLow 5.0 UNITS OF 


TURBIDITY 

#5 #6 #) 
5 

9 2.3 2.7 1.9 3.0 1.3 


with readings even as high as 9.0 units. 

3. Eighty-seven percent of our nor- 
mals lie within the 0.0 to 5.0 unit range. 
It can probably be concluded, there- 
fore, that the normal range is usually 
0.0 to 5.00. Eighty-seven percent ac- 
curacy is probably as perfect as 
one can expect most biological tests 
to be. It must be borne in mind, 
however, that there are a _ certain 
number of normal individuals whose 
thymol turbidity readings will lie above 
this range and that without clinical 
and other supporting laboratory evi- 
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not be concluded that 
they have liver disease. 

C. Diseases not liver. 
There 538 observations on 527 
patients admitted to the hospital and 
diagnosed as having disease not com- 
monly considered to involve the liver. 
\gain where more than one determi- 


dence it must 
nvolving the 


were 


nation was made on a subject the aver- 
age of these was taken as the reading 
for that The mean value 
ot this series was 3.7 with a mean devi- 


individual. 


ation of 2.7. Figure 1 shows the dis- 
tribution of the results obtained on 
these 527 hospital admissions and com- 
pares them graphically with the dis- 
tribution of the normals. 

Several important facts should be 
noted: 

l. The mean for this series closely 
approximates the mean for the normals. 

2. The the 2 series are 
similar in contour, there being a slight 
shift to the right (higher units) in the 
patients with disease other than liver 
disease. This shift is probably caused 
by the inclusion, in the second series, 
of patients with diseases which in some 
cases elevated readings 
the acute phase (cf. Table 3). 

3. Again subjecting these results to 
the theory of probabilities, it is appar- 
ent that they conform to what 
might be expected, in that 66% are 
in the range from 1.0 to 6.4 units of thy- 
mol turbidity (3.7 + 2.7), 95% within 
the range of 0.0 to 9.1 units (3.7 + 5.4), 
and 99% within the range of 0.0 to 11.8 
units (3.7 + 8.1}. 

4. If we assume again that the nor- 
mal range is from 0.0 to 5.0 units. we 
find from Figure 1 that 20% of hos- 
pital patients with disease other than 
liver disease will run an elevated thy- 
mol turbidity test. It would appear, 
therefore, that the thymol turbidity 
test can be used on routine hospital 
admissions with disease other than liver 
disease with an expected accuracy of 


curves tor 


gave during 


also 
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809% if we assume that all 
except those with liver disease should 
20% 


of such admissions will show elevated 


persons 


have readings below 5.0. units. 
readings for unknown reasons. 

In all, the thymol turbidity test was 
100. different 
ease entities. Of these, 61 gave readings 


tried on more than dis- 
within the accepted normal range of 
0.0 to 5.0 units, and 39 gave one or more 
positive values. Where there was more 
than one reading for a case, the average 
of the readings was taken and is shown 
in Table 3. 
hig 
patients with secon¢ 


It is interesting to note the 
h incidence of positive readings in 


lary 


syphilis, in- 
fectious mononucleosis, sickle cell ane- 
mia in crisis, malaria, and virus pneu- 
monia. It would appear also that pa- 
tients with cardiac decompensation also 
have a higher incidence of positive 
readings than those who are compen- 
sated. 

Forty-one cases with many different 
kinds of neoplasms, with and without 


Nine of 


elevation (5.1 to 


metastases.. were examined. 


these showed 
2.7). The highest of these were ob- 


some 


served in patients with extrahepatic 
biliary obstruction of long standing due 
duct, 
metastatic carci- 


to carcinoma of the 
ampulla of Vater, or 


common 
noma in the porta hepatis. However, 
several cases of carcinoma of the stom- 
ach with extensive to the 
liver demonstrated at autopsy were re- 
peatedly tested and showed no eleva- 
tion of thymol turbidity or only a rise 
of one point just prior to death. The 
test is therefore of no value in detect- 


metastases 


ing the presence of liver metastases. 
The diseases in which no positive 

readings were obtained are listed in 

Table 4. 


two patients per disease were examined 


In most of these only one or 


so that the possibility of some positive 
results in these diseases, given a large 
enough series of each, must be enter- 
tained. 


iS 


d 


TABLE 3 
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SuMMARY OF ResULTS OF PATIENTS witH DISEASE Not CoMMONLY REGARDED AS 


THE Liver, Bur Sera GAVE ELevatep TuyMowu TURBIDITY VALUES 


Disease 
\nemia 
Osteomyelitis 
Subdeltoid Bursitis 
Thrombocytopenic Purpura 
Perirectal Abscess 
Lupus Erythematosis 
Amoebic Colitis 
Intestinal Obstruction 
Pilonidal Cyst & Sinus 
Malaria in Crisis 


Paroxysmal Nocturnal 
Hemoglobinuria 


Arteriosclerotic Heart 
with Decompensation 


Disease 
Rheumatic Heart Disease with 
Decompensation 


Rheumatic Heart Disease with- 
out Decompensation 


Coronary Ieclusion 
Ar teriosclerosis 


Hypertensive ¢ ardiovascular 
Disease De compensated 


Hypertensive Cardiovascular 
Disease not Dee ompensated 


Late Latent Syphilis 
Secondary Syphilis 


Central Nervous System Syphilis 


Neoplastic Diseases with & with- 
out Metastases 


Acute & Chronic Alcoholics 


Infectious Mononucleosis....... 


Acute Active Rheumatic Fever 
Virus Pneumonia 


Sickle Cell Anemia in Crisis 
Tuberculosis, Pulmonary and 
Elsewhere 


Total 
( ‘ases 
5 


Positive 


Case s 
l 


Readings of Individual 


Positive Cases* 
(9. 6)e 


(8.7)4 


14.3 (14.0)e 


(7 
(7.8)e (5.1 10.9 6.2 7.8 
(8.0), (11.9)4 (7 .8)4 
6.6 
6.5 7.0 5.5 6.6 
5.8 12.3 7.9 8.2 
(11.7)s (13.1) (5.8 (6.0) 
2)2 5.4 (6.2) 
9.3 (9.1 9.0 (7.9)2 (14.9)e 
14.9 13.3 8.7 (5.6); 
5.4 (5.7)e 6.7 (7.6)¢6 12.7 
7.8 
§.8 (6.5) (5.7) (7 .8)7 
‘6.1 5.3 6.0 6.6 
6.9 5.5 9.3 (6.7)s 
(9.5) (7 .O)e 5.4 
12 15.6 8.4 
7.2 11.2 13.2 13.9 
(9.6)i 
5.8 (6.7 (5.7)6 
(11.0) (6.1), 
(5.2)e 5.4 (8.3), 
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TABLE 3.—(Continued) 
Total Positive Readings of Individual 
Disease Cases Cases Positive Cases* 
Chronic and Acute Otitis Media 1 l 6.6 
Diabetes Mellitus 17 2 (6.0 (5.4)2 
Arthritis 20) 5 5.1 5.3 10.3 10.9 12.6 
Clhrombophlebitis 3 l (8.1 
Diseases of the Female Genital 
Tract 14 2 (5.2) 5.1 
Upper Respiratory Infection 11 2 (5.1)2 (12.6 
Neuropsychiatric Disorders 10 t 7.4 (6.5 (5.7 6.7 
Fractures 7 l (9.4), 
Gastroenteritis 19 2 (5.7) (5. 4)e 
Pneumococcus Pneumonia 11 (6.7 6.2 (17.2)e 
Multiple Sclerosis l l (6.4 
Peptic Ulcer With & Without 
Gastric Resection or other 
Operation 10 l (8.6 


* Sub-letter indicates number of determinatio 


TABLE 4. SUMMARY OF RESULTS OF PATIENTS 
INVOLVING THE LIVER, AND WHoseE Sera ( 
Total 
Disease (Cases 
Myeloradiculitis 2 
Sydenham’s Chorea l 
Myositis l 
Keratitis l 
Allergic Rhinitis 2 
Varicose Veins with and without Uleer 3 
Subluxation of Shoulder l 
Exostoses of Feet ] 
Intercostal Neuralgia l 
Post-vaccination Encephalitis I 
Jacksonian Epilepsy. . l 
Cerebellar Ataxia l 
Generalized Osteoporosis of Spine ] 
Acute Gout l 
Schistosomiasis l 
Hemorrhoids 3 
Gynecomastia l 
Laceration of Scalp l 
Leukopenia l 
Achylasia of Oesophagus. ] 
Constrictive Calcific Pericarditis l 
Congenital Heart Disease 2 
Arteriosclerotic Heart 
Disease not Decompensated........ 9 
Abnormal Rhythm of Heart l 
Essential Hy pertension 7 


ns On a Case. 


with Disease Not CoMMONLY REGARDED AS 


NorMAL TuymMou Tursipity VALUES 
Total 
Disease Cases 
Congenital Syphilis 2 
Hernia 7 
Various Avitaminoses 8 
Various Kidney Diseases (except neoplasms) 12 
Urinary Tract Diseases 5 
Rickettsial Diseases 5 
Thyrotoxicosis 6 
Acute and Chronic Sinusitis 6 
Diverticulitis and Diverticulosis 4 
Phlebothrombosis l 
Chronic Pancreatitis l 
Gastric Hiatus Hernia l 
Non-specific Colitis 2 
Herniated Nucleus Pulposus ] 
Hypothyroidism 
Hemolytic Jaundice 2 
Hypoproteinemia l 
Elephantiasis (filariasis l 
Enlarged Thymus Gland 1 
Ist & 2nd Degree Burns l 
Vincent’s Gingivitis. . l 
Appendicitis. ..... 8 
Chronic Bronchitis ) 
Bronchiectasis 6 
Bronchial Asthma |} 
Early Latent Syphilis 
Primary Syphilis. . 3 


Dermatitis of Various Kinds 


| 
| 
| 


Vonks 
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D. Liver disease. The results of 
the thymol turbidity test in the pres- 
ence of liver disease are presented in 
Table 5. It is in these diseases, espe- 
cially the cases of infectious hepatitis, 
that the test is most useful. Of 37 pa- 
tients with infectious hepatitis, all 
showed some degree of elevation of 
the thymol turbidity. The test reaches 
its maximum at about the time of max- 
imum morbidity and just prior to the 
development of maximum icterus. 
Figure 2 represents graphically the 


TABLE 5. SUMMARY 


course of the disease as it is usually 
portrayed with serial determinations of 
the thymol turbidity test. This is a 
composite curve derived by averaging 
the readings of 12 cases at comparable 
intervals along an 80-day follow-up. 
It will be seen that the test yields max- 
imum readings on about the 10th hos- 
pital day, which is usually about the 
14th day of illness. In this disease the 
thymol turbidity remains elevated for 
long periods. In severe cases one 
frequently finds the test considerably 


or Liver Cases 


Number Summary of Positive Cases 


Number of Highest Lowest 
of Positive Single Single 
Condition Cases Cases Average Observation Observation 
Homologus Serum Jaundice amy 1 l 5.4 8.0 6:7 
Congenital Atresia of Bile Duct. .. 1 1 22.1 26.5 17.6 
Toxic Hepatitis ae + Q 6.9 10.0 3.6 
Parasitic Infection of Liver 3 1 70 8.6 §.1 
Biliary Dyskinesia 4 0 
Carcinoma of Liver, Primary or Meta- 
static, Without Jaundice 3 l 6.1 7.0 3.0 
Carcinoma of Liver, Primary or Meta- 
static, With Jatindice 5 2 15.0 5.4 6.0 
Sub-hepatic Abscess 2 2 8.7 15.6 3.8 
Chronic Cholecystitis With Cholelithia- 
sis, With Jaundice 8 6 11.1 24.2 3.2 
Chronic Cholecystitis, With Cholelithia- 
sis, Without Jaundice 18 1 6.7 
Chronic Hepatitis 7 7 9.2 16.5 5.1 
Cirrhosis 31 22 10.3 21.1 5.1 
Infectious Hepatitis pe. a 37 37 17.4 33.1 7.3 
| | | 
| | | | 
< | | | + | 
| | | 
> 
K | | | | | 
a } + 4 
| 
— if | 
| 
é | | | 
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Fig. 2.—Thymol turbidity time curve. Average 12 cases 
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elevated (15 units) one month after the may be an indication of the severity 
diagnosis has been made and slightly of the individual case. 


elevated for from 3 to 9 months there- The diagnosis of Laennec’s cirrhosis 
after. The test does not correlate very _ is frequently a difficult one. Maclagan‘ 
well with the disappearance of jaun- originally reported 13 positive thymol 
dice and the improvement in the pa- turbidity tests in 13 cases of cirrhosis 
tient’s subjective findings. The jaun- with an average reading of 14.2 units 
dice may have disappeared and the pa- and with a variation of +2.0 units. 


tient may feel quite well while the On the basis of this report, it was hoped 
thymol turbidity test is still elevated. that we could demonstrate the useful- 
This might mean (a) that the test is not. ness of this test in a similar series. 
a true measure of the function of the Wowever, in 31 cases of cirrhosis of 


liver, or (b) that it is a very sensitive the liver, only 22 showed positive de- 
indicator of persisting liver damage. terminations. The readings ranged 


Experience of other workers* who from 0.6 to 21.1 units. That our re- 
found residual inflammatory tissue in sults were at variance with reports of 
the periportal region in serial biopsies other workers became apparent early 
taken over a period of months follow- in the course of this investigation. 
ing infectious hepatitis would indicate Cases of cirrhosis were, therefore, se- 
that the second interpretation above is lected in which the diagnosis was sub- 
probably correct. stantiated by autopsy, biopsy, peritone- 


TABLE 6. Comparison or THymMot TURBIDITY AND CEPHALIN-CHOLESTEROL FLOCCULATION TESTS 


( ‘ephalin ( hole sterol 


Flocculation Test 4 1 +- 24 34 ++ Tota! 
Thy mol Turbidity (Cases Percent 

(0.1-5.0 Units 172 13 23 >] Is 235 78.4 
Thymol Turbidity 

5.1-11.5 Units 29 9 6 6 } 5 73 21.6 
Total Tests 52 0) 338 100.0 
Percent 59.5 15.4 8.6 8.0 100.0 

Perhaps one good feature of the thy- oscopy, or prolonged observation with 


mol turbidity test is the fact that it is repeated laboratory tests. No correla- 
¢raded in numerical units ranging over tion between the degree of periportal 
a wide scale. Thus, a patient with an fibrous tissue deposition and the de- 
initial reading of 15 units who subse- gree of elevation of the thymol tur- 
quently has readings of, for example. bidity test could be obtained. Some 
18, 20, 23, 27 may be said to be getting additional factor superimposed upon 
worse. During recovery, the thymol the cirrhosis, such as cardiac failure, 
turbidity can be seen to fall toward acute hepatitis (toxic or infectious), 
normal as, for example, from a high of — porto-caval shunt, or uncontrolled dia- 
26 to 24, 20, 15, 12, 10, 7, 5, etc. This betes mellitus was usually present in 
gives a precise and graphic picture of the cases in which the readings were 
recovery. The long period of time elevated. It would appear, then, that 
during which positive thymol turbidity “compensated” cirrhotics in which there 
tests are obtained is probably evidence _ is considerable periportal fibrosis with 
of the chronicity of infectious hepati- abdominal ascites, but in whom the 
tis. The degree of elevation of the test remaining liver parenchyma is func- 
during the acute phase of the disease tioning adequately for body needs, do 
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not show an elevation of thymol tur- 
bidity. When, however, these remain- 
ing parenchymal cells are damaged by 
an infection or by a_ toxin (alcohol, 
sulfadiazine) or by anoxia (cardiac de- 
compensation), then the thymol tur- 
bidity test becomes positive and meas- 
ures the degree of dysfunction of the 
remaining parenchyma. A return of 
the test to normal readings indicates a 
return of the cirrhotic to the “compen- 
sated” state. However, since the dis- 
ease is frequently accompanied by a 
chronic hepatitis due to alcohol or 
other deleterious agent, the thymol tur- 
bidity readings sometimes remain con- 
stantly elevated (6.0 to 12.0 units). 

One case of homologous serum iaun- 
dice gave elevated readings during the 
icteric phase of the disease, which re- 
turned rapidly to normal with the dis- 
appearance of the jaundice. Seven 
cases of chronic hepatitis all showed 
elevated thymol turbidity tests rang- 
ing from 5.1 to 16.5 units. These cases 
were Classified as chronic hepatitis be- 
cause of the duration of symptoms and 
signs for more than 3 months and be- 
cause there was no history of ante- 
cedent infectious hepatitis. Three 
cases of toxic hepatitis due to chemi- 
cal poisons and one due to pneumococ- 
cus toxin showed elevated readings. 
‘these diseases may be grouped with 
decompensated cirrhosis and infectious 
hepatitis as examples of parenchy- 
matous liver disease, the degree of 
which is adequately measured by the 
thymol turbidity test. 

Of 3 cases of parasitic infestation of 
the liver, only the one with amoebic 
hepatitis gave positive findings. One 
case with schistosoma mansoni and one 
with liver flukes gave normal findings. 

Metastatic carcinoma of the liver has 
been discussed above. Primary carci- 
noma of the liver also gave equivocal 
results. Where the tumor had involved 
the biliary tract to cause long-standing 


OF THYMOL TURBIDITY TEST 325 


obstruction to the outflow of bile, the 
readings were usually elevated. A sim- 
ilar case of long-standing obstruction 
in an infant with congenital atresia of 
the bile ducts showed marked and per- 
sistent elevations. Where there was no 
obstructive jaundice the extent of re- 
placement of normal liver parenchyma 
could not be correlated with elevated 
thymol turbidity readings. 

Two cases of subhepatic abscess 
with jaundice and penetration into the 
liver gave positive tests. These were 
both secondary to duodenal ulcer and 
associated with generalized peritonitis. 

Four cases of biliary dyskinesia all 
had normal values. 

Of 8 cases of chronic cholecystitis 
with cholelithiasis and jaundice, 6 gave 
thymol turbidity readings varying from 
3.2 to 24.2 units, whereas 18 similar 
cases without jaundice gave only one 
positive test (6.7 units). The diagnosis 
in these cases of cholecystitis with 
cholelithiasis was substantiated either 
at operation or by cholecystograms. 
The presence or absence of biliary ob- 
struction again seemed to be an im- 
portant factor in the production of 
elevated thymol turbidity readings. 
The longer it persisted, the more 
marked the elevation. 

In order to compare the thymol tur- 
bidity test with a standard test of liver 
function used widely in hospital labora- 
tories, the cephalin-cholesterol floccu- 
lation test was determined on as many 
of the persons tested with the thymol 
turbidity test as possible. There were 
338 such determinations on 308 appar- 
ently normal individuals. For the 
same series there were 235 thymol tur- 
bidity determinations with readings of 
5.0 units or below, and 73 with read- 
ings ranging from 5.0 to 11.5 units. 
These results are summarized in Table 
7. Examination of this table reveals 
that 21.69% of apparently normal in- 
dividuals will show a somewhat ele- 


ty 
SiS 
n* 
101 
Sis 
its 
ts. 
ed 
il 
of 
le 
ed 
ot 
ly 
b 
1e- 
it 
| 
th 
la- 
al 
ie 
ir 
yn 
S), 
a- 
in 
re | 
at 
re 
th 
1e 
lo 


326 ERNST, DOTTI: EVALUATION 


TABLE 7. 


PATIENTS Wituovut Liver DISEASE. 


OF THYMOL TURBIDITY TEST 


CoMPARISON OF THyMoL TURBIDITY 


AND CEPHALIN-CHOLESTEROL FLOCCULATION TESTS 


Cephalin-( ‘holesterol 


Flocculation Test } 1+ 34 Total Percent 
Thymol Turbidity 
(0.1—5.0 Units) 328 +4 72 76 54 ) 603 71.0 
Thymol Turbidity 
(5.1-21.8 Units) 65 16 22 33 54 35 245 29.0 
Totals 393 60 4 109 108 84 848 100.0 
Percent 16.3 7.9 2.1 13.0 12.7 9.9 100.0 
TaBLe 8. Patients With Liver Disease. Comparison oF TurBIpITy AND 
CEPHALIN-CHOLESTEROL FLOCCULATION TESTS 
Cephalin-Cholesterol 
Flocculation Test 14 24 84 +4 lotal Pereent 
Thymol Turbidity 
(0.1—5.0 Units) 61 3 Ss 19 15 11 117 24.5 
Thymol Turbidity 
(5.1-38.6 Units) 30 10 19 $2 91 168 360 75.5 
Totals 91 13 27 61 106 179 477 100.0 
Percent 19.1 2.7 5.7% 12.8 22.2 37.5 100.0 
TaBLeE 9. Comparison oF TurBIpITy AND CEPHALIN FLoccuLATION TESTS IN PATIENTS 
Havinc Liver Disease anv Witnout Ictrerus 
ELEVATED ICTERIC INDEX NORMAL ICTERIC INDEX 
Obstruction No obstruction Obstruction No obstructi 
observations 93 observations 13 observati 14 observati 
n 18¢ n ¢ as nQ n 37 case 
\ Pos \ Pos 
Hanger 
Determinations 11 33 27 26 266 208 10 3 1 35 9 37 
Percent 25 75 61 9 91 71 77 23 8 63 39 
Phymol Turbidi 0.0-5.0 Up 0.0-5.0 5.1& Up 0.0-5.0 51k 0.0-5.0 Up 
ty Deter- 
minations 15 20 +4 259 11 » 1 +3 
Percent 84 66 12 88 84 16 465 54 
vated thymol turbidity test. As we Hanger test is considerably more ac- 


have seen previously, the theory of 
probabilities would lead us to expect 
at least this per cent of normals to show 
elevated readings. Similarly, if we 
assume that any degree of flocculation 
above plus or minus, which is an equiv- 
ocal reading, is a positive cephalin 
cholesterol flocculation test, we again 
find that 25.1% of normals have a posi- 
tive test. However, Labby, Shank, 
Kunkel and Hoagland,* in discussing 
cirrhosis, have concluded that floccu- 
lations from 0 to 2+ are normal. If 
this be true, then only 8.5% of normals 
in our series yielded positive Hanger 
tests. This may indicate that the 


curate (91.5%) than the thymol tur- 
bidity test, or that the latter is a more 
sensitive indicator of 
dysfunction. 


subclinical liver 
Probably the explanation 
for this discrepancy between the two 
tests lies in the difference in the chem- 
ical reactions involved and is further 
evidence of this difference. 

Similarly, there were 848 observa- 
tions on 508 hospital patients without 
apparent liver disease. For this same 
group of patients, 603 thymol turbidity 
tests yielded readings of 5.0 units or 
below, and 245 yielded readings rang- 
ing from 5.1 to 21.8. Table 
marizes the results in this series. 


sum- 
Table 
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7 again shows that 29% of patients 
sick in hospital with diseases not 
ordinarily associated with the liver will 
give elevated thymol turbidity readings. 
Likewise, 22.6% of these patients will 
have a 3+ or 4+ Hanger and 46.7% 
will show some degree of flocculation. 
Here again, if we accept the criteria 
of Labby, Shank, Kunkel and Hoag- 
land, the Hanger test would appear 
On the other hand, it 
cannot be said of the thymol turbidity 
test carried out in the manner herein 
described that it lacks sensitivity. We 
believe that the method using the 
photoelectric colorimeter makes the 
test a highly sensitive one at pH 7.8 
and that it can be thus used as a valu- 
able, quick and easy screening test for 
potential liver dysfunction. The not- 
able exceptions as pointed out above 
cirrhosis of the 
metastatic carcinoma of the 
These diseases may show nor- 
mal thymol turbidity readings. 
Likewise there were 477 observa- 
tions on 124 patients with various kinds 
cf liver and biliary tract disease. For 
this same series of observations there 
were 117 thymol turbidity determina- 
tions below 5.0 units and 360 deter- 
minations ranging from 5.1 to 38.6 
units. Table 8 shows the results in 
this series. Inspection of Table § re- 
veals that 24.5% of patients sick with 
liver or biliary tract disease will have 
negative thymol turbidity readings. 
Likewise, 19.1% will show a negative 
Ilanger test, and if we consider only 
the 3+ and 4+ results as significant, 
40.3% of patients within this group 
will show a negative determination. 
This large and heterogeneous group 
of liver and biliary tract disease was 
therefore sorted into those with ele- 
vated icteric index and those with no 
elevation of icteric index; each of these 
categories was further divided into 
those with obstruction demonstrated 


more accurate. 


are “compensated” 
liver o1 
liver. 
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at autopsy or at operation and those 
with no obstruction. The results of 
this analysis are presented in Table 9 

It is apparent that in the presence of 
an elevated icteric index both tests are 
generally positive, whether the icterus 
is due to hepatocellular damage or to 
biliary tract obstruction. Perhaps the 
duration of the obstruction or the de- 
gree of biliary stasis and back pressure 
determine whether or not the tests are 
positive in the presence of obstruction. 
This is suggested by the present study, 
but the data available are insufficient 
to make this assertion. When only the 
cases with 3+ or 4+ Hanger tests and 
with jaundice are examined, it is evi- 
dent that the majority again have posi- 
tive tests, 61% with obstruction and 
71% without obstruction (i.e., with 
hepatocellular disease). 

The cases with no jaundice in gen- 
eral show normal readings in the ob- 
structed group which consisted largely 
of cases of cholecystitis who entered 
the hospital with an attack of biliary 
colic and at operation were found to 
have an acute obstruction due to com- 
mon duct stone. Presumably the ob- 
struction had not existed long enough 
to cause hepatocellular damage or dys- 
function and therefore caused no 
change in the thymol turbidity or 
Hanger test. The cases without ob- 
struction and without jaundice are less 
clear cut. This is to be expected, since 
many in this group were chronic hepa- 
titis, chronic cholecystitis without 
stones, mild hepatitis, or cirrhosis with- 
out jaundice. The cases of chronic or 
mild hepatitis showed slight elevations 
and the cirrhotics negative or positive 
readings according to the degree of 
hepatic compensation. The cases of 
cholecystitis all showed negative Han- 
ger and negative thymol turbidity tests 
and might be considered to have no 
liver disease, the inflammation being 


confined to the gall bladder. There 
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were no stones present in the common 
duct in any of these cases. 

Figure 3 is an attempt to summarize 
graphically the relationship between 
the thymol turbidity test and the Han- 
ger test in cases of liver or biliary tract 
It will be seen that in gen- 
eral the two tests parallel each other. 
When the Hanger test is definitely ele- 
vated, the thymol turbidity test will 
also be elevated, regardless of the spe- 
Since the 
Hanger test is generally recognized as 


disease. 


cific type of liver disease. 


reliable indication of parenchymal 
liver dysfunction, it may be concluded 


OF THYMOL 


rURBIDITY 

diseases in this group gave fairly per- 
sistently elevated readings. These 
were infectious mononucleosis (8 of 9 
cases), virus pneumonia (3 of 3 cases), 
sickle cell anemia in crisis (2 of 3 cases), 
secondary syphilis (7 of 9 cases), ma- 
laria in crisis (2 of 2 cases), and par- 
oxysmal nocturnal hemoglobinuria (1 
of 1 case). 

3. Of 477 determinations on 124 pa- 
tients with liver or biliary tract disease, 
360 or 75.5% showed thymol turbidity 
readings ranging between 5.1 and 38.6 
units. The highest readings were ob- 
tained in the cases of non-obstructive 


a 
= 
pu 

CEPHALIN~- CHOLESTEROL 

1 Comparison of thymol turbidity 


from Figure 3 that the thymol turbidity 
test a satisfactory measure of 
hepatocellular disease. 

Summary. 1. The thymol turbidity 
test using a photoelectric colorimeter 
and standards of barium sulfate with 
a thymol buffer of pH 7.8 was deter- 
mined on 500 apparently normal in- 
dividuals. The 3.2 


was 3.2 
units with a 1.8 


is also 


value 
deviation of 


mean 
mean 
units. 

2. On 527 hospital patients sick with 
100 different 
considered to 


not usu- 
the liver, 
the mean value was 3.7 units, with a 
mean deviation of 2.7 units. Certain 


over diseases, 


aily involve 


RUCTION 


FLOCCULATION GRADATIONS 


nd cephalin-cholesterol flocculat test 


jaundice, especially infectious hepa- 
titis, where setial determinations gave 
a graphic picture of the course of the 
disease. 

4. The thymol turbidity test read- 
ings usually parallel the readings of 
the cephalin cholesterol flocculation 
test in cases of parenchymal liver dys- 
function. It is felt that this test is a 
sensitive, quick, and easy screening 
test for such disorders. 

5. Refrigeration over long periods 
and the ingestion of a meal have little 
effect on sera tested with the thymol 
turbidity test. Inactivation by _heat- 
ing sera at 56° C. for 30 minutes low- 


RUCTION 

4 AUNDICE-WITH OBSTRUCTION 

JAUNDICE - NO 

NO JAUNDICE ~ NO 
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ers the thymol turbidity readings suf- wish to acknowledge gratefully the able 
ficiently to make them inaccurate. assistance of Miss Stephanie Ilka and 
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Sickling of the red blood cells is a 
hereditary abnormality found in the 
colored race. It is transmitted as a 
dominant Mendelian It 
exists in two forms: (1) sicklemia, in 
which there is sickling of the cells, but 
no evidence of blood destruction or 
increased rate of regeneration, and (2) 
sickle cell anemia, in which there is 
sickling but also there is active blood 
destruction and such evidences of in- 
creased regeneration as reticulocytosis 
and nucleated red cells. Various in- 
vestigators estimate the ratio of sickle 
cell anemia to sicklemia from 1:9 to 
1:40. * The relationship of the two 
forms is not clear. Individuals with 
the trait are known to go through life 
without ever showing the anemia. The 
active form, if it develops, usually be- 
gins in the first two decades of life. 
Once the blood destructive process is 
activated, it does not disappear. Wint- 
robe * reports that he has observed 
remissions but never to the extent that 
there was no evidence of blood des- 
truction. 

A review of the literature shows no 
reports of studies on the occurrence 
of pregnancy in patients with sicklemia 
nor of the effects of pregnancy in 
sicklemic patients. There have been 
several reported studies of patients 
with true sickle cell anemia associated 
with pregnancy. **'*?*. The prognosis 
has been observed to be poor for both 
mother and child. When the preg- 
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nancy is complicated by the active 
anemia, it has been suggested that 
patients with the active anemia are 
less fecund and show a higher inci- 
dence of abortions than the normal 
patient. 

A study was therefore undertaken to 
determine first, the incidence of the 
sickle cell trait in pregnant colored 
women; and second, the effects that 
the trait might have on the course of 
pregnancy. We also wished to deter- 
mine whether pregnancy might acti- 
vate a blood destructive process in the 
patient with the trait. 

Subjects and Methods. Five-hundred 
consecutive colored patients in the ob- 
stetrical out-patient department and on the 
obstetrical ward of Roper Hospital were 
examined for the sickle trait. As control 
250 colored females of childbearing age 
and 250 adult colored males were also 
studied. The control groups were com- 
posed of hospital employees and patients 
on the medical ward and in the out-pat- 
ient clinics. 

A drop of blood obtained from each 
patient was placed on a clean glass slide, 
a cover slip superimposed, air was ex- 
pressed and the preparation sealed with 
melted paraffin. Microscopic examination 
for evidence of sickling was made im- 
mediately. The preparations were then 
put in an incubator at 37° C. and ob- 
served at 24 hour intervals for a total of 
72 hours. Every slide was examined by 
each author. No slide was reported as 
positive unless both agreed that sickling 
was present. 
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A further control group of 105 consecu- 
tive colored patients delivered in the 
hospital was studied for the incidence ot 
certain obstetrical complications. It 
noted that, in general, only 
patients who present some abnormality 
are admitted to the hospital. _Uncompli- 
cated deliveries are usually handled by 
the out-patient department. 


should be 


Results. The incidence of the sickle 
cell trait in gravid colored women and in 
the control groups is shown in Table 1. 
One of the pregnant women was found 
to have mild but definite sickle cell anemia. 

Twenty-two of the patients with the 
sickle cell trait (sicklemia) were admitted 
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obstetrical patients seen in other parts of 
the United States. 

Obstetrical histories were obtained 
from 56 of the sicklemic patients. This 
group had experienced 143 term deliv- 
eries and averaged 2.55 living children 
each. One patient had gone through 8 
normal pregnancies. Obstetrical histories 
were obtained from 200 gravid women 
who were proved not to have the sickle 
trait. In this group there had been 478 
term deliveries with an average of 2.39 
living children each. 

In the 56 sicklemic patients there were 
22 abortions for an average of 0.39 each, 
us compared with 80 abortions in the 200 


TABLE 1. 


Incidence of Sickle Cell Trait in Colored Persons at Roper Hospital 


Adult 

males 
No. with Sickle Cell Trait .......... 33 


Non-gravid Gravid 
females females Total adults 
250 500 1,000 
36 7 140 
14.4 14.2 14.0 


TABLE 2. 


Incidence of complications of pregnancy in sicklemic patients as compared with other 
gravid patients in Roper Hospital and as reported in Standard texts. 


Average 
as reported 
in standard 


Non-sicklemic 
gravid cases in 


Sicklemias 
(22 pts. studied on 
Obstetric Ward, 


texts Roper Hosp. Roper Hospital) 
Anemia (hemoglobin)......... 10 gm, * 10.4 gms. 10.41 gms. or 70% 
Premature labor............. 2.95% * 13.4% 9.1% (2) 
10% 22% 20% (5) 
10.5% 18.1% 4.5% (1) 
20% ™ 64 in 394 10 in 83 pregnancies 
(16.2%) (12%) 


to the hospital and were followed to the 
termination of pregnancy and through 
the puerperium. At least one complete 
blood count, icterus index and reticulocyte 
count was done on each patient before 
labor and after delivery. X-rays of the 
skull were obtained on most of them as 
well as electro cardiograms. None of the 
patients showed any evidence of increased 
blood destruction either clinically or by 
laboratory determinations. The fall in 
red blood cell count and in hemoglobin 
after delivery was not abnormal. 

In Table 2 we have listed the incidence 
of certain abnormalities found in the 
group of 22 sicklemic patients delivered 
in the hospital as compared with a control 
group from the same hospital and with 


non sickle cell patients or an average of 
0.40 each. 


Discussion. The incidence of the 
sickle cell trait in the American Negro as 
reported by many investigators shows a 
fairly wide variation. Diggs, et al.‘ re- 
ported an incidence of 8.3% in some 
2,539 examinations in Tennessee. He 
and his co-workers used a technique sim- 
ilar to that used in this study. They point 
out that there is a far greater tendency 
to report doubtful slides as negative than 
as positive. Hansen-Pruss’ reported an 
incidence of 14% in 100 cases studied in 
North Carolina. Beck and Hertz reported 
an incidence of 13% among Negroes 
studied in Pennsylvania. 


f 
t 
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It should be 
niques were used in these studies. 


noted that special tech- 
linson*! reports an incidence of 8.2% in 
3,000 Central His 
study is based partly on autopsy material 
and partly on wet sealed preparations. 

[The Negroes of the Charleston 
like most of those in North America are 
for the part descended from na- 
tives of Africa. In general, these 
Africans trom 
stricted areas lying in the coastal belt of 
West Africa and the Congo.* It would 
be purely that the 
Negroes in this area of the United States 
represent a purer strain than those in 
other The studies of the 
trait in Africans report a much higher in- 
there than in the New World. 
reports that the sickle cell trait 
was found in some 19.9% of a group of 
West African soldiers. 

In a smaller group of Gambians, Evans 
found sickling in 22% of 


American Negi oes. 


area 


most 
West 


came certain fairly re 


speculative to say 


regions few 


cidence 
Evans 


the males and 


in 13% of the females. Wintrobe2? says 
that there is no difference in the inci 
dence of the trait in the two sexes. Tom- 


the 
11.85% in 


linson?? on contrary reports an in 
the 


Our studies as shown 


cidence of female and 
7.3% in the male. 
in Table ] 
ence in the incidence of the trait in males 
Ol females whether gravid or non gravid. 


As far as we can determine, sicklemia 


show no appreciable differ- 


does not prevent conception nor does it 
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interfere with normal pregnancy and 
labor. It is our impression that the sick- 
lemic patient does not differ from the 


usual colored obstetrical patient seen in 
this area and as a group show no more 


anemia than the average of other obstet-. 
rical cases (Table 2). 

One of our patients was found to have 
active sickle cell anemia of a mild type. 
known this existed 


It was not whether 


prior to her pregnancy. In none of the 


22 cases of sicklemia observed in the hos- 


pital was a blood destructive process 
initiated by pregnancy 

Summary and Conclusions. 1. The 
sickle cell trait was tound in 14.2% of 


500 gravid colored women in the Charles- 
ton, South Carolina, area. 


2. The sickle cell trait was found in 
14% of 250 non gravid colored females 
of childbearing age, and in 13.8°% of 250 
adult colored males. 

3. The sickle cell trait was found in 


14°¢ of 1,000 adult colored persons. 
4. Of 71 with the 
sickle cell trait, 1 was found to have mild 


interfere 


pregnant females 


sickle cell anemia, a ratio of 


5. Sicklemia with 


does not 


conception nor with normal pregnancy 
and delivery. 
6. Pregnancy did not activate a blood 


destructive process in 22 sicklemic pa- 
tients observed through the last trimester 


and during labor and the puerperium. 
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In the past two decades, significant 
advances in both diagnosis and treat- 
ment of pulmonary disease have been 
made. Numerous clinical reports of 
pathologic lesions, heretofore largely 
demonstrated only at autopsy, have 
appeared in the medical literature. The 
clinical of the 
types of pulmonary tumors to be re- 
viewed suggests an increasing interest 
in, and this subject 
both to the general practitioner and the 
specialist in medicine. 

Hamartomas. According to Al- 
brecht, first used the term, a 
“hamartoma” (from the Greek, mean- 
ing a failure or error) is a tumor-like 
malformation in which occurs actually 
only an abnormal mixing of the normal 
components of the organ. The abnor- 
mality may take the form of a change 
in quantity, arrangement, or degree of 
differentiation, or may comprise all 
three. The deduction to be drawn from 
the histologic examination of these for- 
mations is that they have originated in 
an abnormal mixing of the elements or 
from a disturbance of their develop- 
ment. 


increasing awareness 


importance of, 


who 


The 2 types of hamartoma of the 
lungs to be reviewed are the so-called 
chondroma and hemangioma. 

Chondroma. Small, so-called chon- 
dromas of the lung are occasionally 
encountered as incidentai findings at 
autopsy or as accidental findings in 
routine X-rays of the lungs. Their 
incidence varies, Altmann® reporting an 
incidence of 1 in every 475 autopsies, 
McDonald et al.,°* 1 in 398, whereas 
Edling®® reports 1 in every 215 cases 
coming to necropsy. Ordinarily, so- 
called chondromas vary from a few 
millimeters to 3 to 4 cms. in diameter, 
but a few tumors varying from 5 to 
15 cms. in diameter have been encoun- 
tered. The smaller tumors rarely, if 
ever, produce clinical symptoms; the 
occurrence of relatively large intra- 
pulmonary cartilaginous tumors which 
produce clinical symptoms is distinctly 
uncommon. 

So-called chrondromas usually lie in 
subpleural position and rarely, accord- 
ing to Peters,”° in hilar position. They 
may even lie in the pleural space and 
be attached by a pedicle to the pleura. 
These tumors, in the gross, are firm and 
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dense, and may be of stony hardness. 
They are somewhat lobulated, usually 
encapsulated and sharply demarcated 
from the lung. They are bluish-grey 
to white upon section and may be ir- 
regularly lobulated by traversing septa. 

While the main portion of so-called 
chondromas may consist of cartilage, 
they are not pure cartilaginous tumors 
but contain abnormal mixtures of ele- 
ments normally encountered in bron- 
chial wall. As early as 1883, Chiari 
(quoted by Hickey and Simpson*® and 
Edling*®) noted the presence of fat and 
glandular elements in so-called chon- 
dromas and suggested the term “lipo- 
chondro-adenoma.” Thus, these 
tumors, there have been described cili- 
ated epithelium, glandular epithelium, 
connective tissue, muscle, fat, and 
lymphoid tissue. The cartilage may be 
calcified, or even ossified; and, at times, 
osteoid and myxomatous tissue may be 
present. In 1904, Albrecht’ defined the 
general concept of hamartomas (see 
above) and so-called chondromas have 
since been commonly designated as 
hamartomas or, properly by 
Goldsworthy,*? as hamartoma 
dromatosum pulmonis, 

In 1926 Hickey and Simpson*’ re- 
viewed the subject and collected 38 
cases of chondromatous tumors of the 
lung from the literature, to which they 
added 2 of their own. In 1929 Bayer*® 
reported 5 cases, and in 1931 Klages*’ 
reported another. By 1932 Verga’® had 
collected 61 cases, of which 3 were 
his own. In the same year Peters®® re- 
ported an additional case, and Ben- 
ninghoven and Peirce*® added 2 cases, 
only 1 of which contained cartilage. 
Subsequently, Jaeger** reported 5 cases, 
and 1 each were added by Living- 
ston,*® Edling,*> Roux-Berger and De- 
and Mallory.** In 1945, Mc- 
Donald, Harrington and Clagett,®* in a 
review of the material at the Mayo 
Clinic, discovered 23 cases of hamar- 


more 
chon- 


toma, 20 of which were found at au- 
topsy and 3 of which were removed 
surgically. In all of their cases various 
components of bronchial wall, in addi- 
tion to cartilage, were found. 

Most so-called pulmonary chondro- 
mas are silent because of their usually 
small size and intraparenchymal posi- 
tion. In Klages*’ case, the first in 
which the diagnosis was made roent- 
genologically and confirmed by histo- 
logical examination of the surgically- 
removed specimen, the patient was free 
of symptoms. Similarly, in 1 of the 
2 cases reported by Benninghoven and 
Peirce® which was removed surgically, 
no symptoms were present. In only 1 
of the 3 cases reported by McDonald 
et al.°* in which surgical removal was 
performed were symptoms present, and 
these consisted of dyspnea on exertion 
and a burning sensation in the anterior 
portion of the thorax. In Mallory’s® 
case, where the hamartoma was re- 
moved surgically, symptoms were pres- 
ent. However, when hamartomas grow 
large they may, by external pressure, 
impinge upon and narrow a major 
bronchus to produce signs and symp- 
toms not unlike those associated with 
bronchial obstruction due to carcinoma 
as noted by Simon and Ballon.*® 

From a purely theoretical point of 
view, there is no valid reason why a 
hamartoma or any other congenital 
malformation may not, under certain 
conditions, show malignant changes. 
It is curious, however, that this is ex- 
tremely rare in cases of hamartoma 
chondromatosum pulmonis. Green- 
span** reported a unique case of pul- 
monary osteochondrosarcoma which 
showed locally invasive features. It 
is probable that the origin of this tu- 
mor was from a hamartoma, although 
no epithelial-lined structures were 
noted. In the case reported by Simon 
and Ballon®® microscopic areas indis- 
tinguishable from malignant tumor and 
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local invasion were also seen. No 
metastases from puimonary chondro- 
mas have even been reported. 

It is interesting to note that so- 
called pulmonary chondromas are not 
unique in man, but have been observed 
by Casper'* in domesticated animals. 

Endobronchial tumors composed of 
cartilage have been reported by David- 
son,*” Cracovaner,’* Gebauer?? and 
Moore,*® but these all appear to be 
simple ecchondromas arising from 
cartilaginous rings of the bronchi. 
They are covered by the epithelium of 
the bronchus but contain no other ele- 
ments of bronchial wall, and are not, 
therefore, true hamartomas in any 
sense. Apparently, however, true endo- 
bronchial hamartomas do occur. UI- 
rich*® reported an endobronchial fibro- 
myxochondrolipoma which had been 
removed surgically. He takes the point 
of view that any polypoid intrabronchial 
tumor containing cartilage and other 
tissues normally found in_ bronchial 
wall is a true hamartoma. He quotes 
Lindgreens as having discovered 9 
other such cases in the literature. Sim- 
ilarly, Paul®® reported a polypoid intra- 
lumenal myxochondroma which showed 
septa dividing a cartilaginous tumor 
containing ducts, cylindrical epithe- 
lium, elastic fibers and lymphoid tissue. 
This tumor fulfills the definition of a 
hamartoma. 


Hemangiomas. Pulmonary heman- 
giomas, like their counterparts in the 
liver and in other organs, are true ha- 
martomas, representing an alteration 
in quantity and arrangement of por- 
mally occurring structures of that par- 
ticular organ. Whereas hemangiomas 
of the liver are frequently encountered, 
the pulmonary hemanigoma is ex- 
tremely rare. Most general textbooks 
of pathology do not even mention the 
occurrence of this hamartoma of the 
lungs. Only Roussy and Leroux 
mention hemangioma of the lung, while 
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Henke and Lubarsch** refer to a case 
described by de Lange and de Vries- 
Robles.” The first reported instance 
of this condition appears to be that of 
Wilkens.** An idea as to the rarity of 
this lesion can be obtained from the 
statement of Adams, Thornton and 
Eichelberger,? who saw only a single 
example in 240,000 admissions to the 
University of Chicago clinics. Bow- 
ers'' reported a single case and found 
no other instance in a search of 23,897 
autopsy records, while Hepburn and 
Dauphinee*’ record only a single in- 
stance in the pathologic records of the 
Toronto General Hospital. Sisson, 
Murphy and Newman" found only a 
single example in 19,415 autopsy rec- 
ords of the Johns Hopkins Hospital. 

In spite of the infrequency of this 
hamartoma, a number of cases have not 
only been diagnosed correctly clinically 
but have also been operated upon, and 
these lesions have been successfully re- 
moved with amelioration of symptoms. 

In 1923, de Lange and de Vries- 
Robles*' described 2 hemangiomas in 
the left upper and right upper lobes, 
respectively, occurring in a 2% month 
old infant at autopsy. This infant pre- 
sented no distinctive symptoms and 
the lesions were unexpected findings. 
The tumors measured 3.0 and 1.5 cm., 
respectively, in diameter, and were 
purple in color. Histologically, they 
were hemangiomas of the capillary 
type. In 1936, Bowers" reported the 
case of a new-born child who became 
extremely dyspneic on the 2nd day 
and developed a hemorrhage into the 
pleural cavity. At autopsy, numerous 
raised, bluish-purple areas were found 
at the base of the right lung. Similar 
lesions were found in the left lower 
Icbe. Histologically, the picture was 
that of a hemangioma. 

In 1938, Rodes** observed a young 
man, 25 years old, who had clubbing 
of the fingers, cyanosis and polycy- 
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themia ranging and 
red per cu. mm, 
This man died suddenly from a mas- 
sive pulmonary hemorrhage following 
an automobile ride. At autopsy, 3 
purplish tumors were found in the 
lungs; 1 in the right middle lobe, meas- 
uring 6 cm., 1 in the right lower lobe, 
measuring 2 cm., and another in the 


left lower lobe, measuring 6 x 3 x 2 cm. 


million cells 


All these, upon microscopic examina- 
tion, proved to be large, cavernous, 
blood-filled spaces lined by endothe- 
lium. In this case a number of pe- 
culiar shadows had been noted in the 
X-rays of the lungs. These X-rays were 
submitted to Hirsch,*? who, in 1936, 
had noted similar shadows in the lungs 
of patients suffering from polycythemia. 
It was his opinion that the shadows seen 
in Rodes®* cases were similar to the 
ones he had described. In the same 
year Edwards and Taylor® published 
3 cases of what they called vascular 
endothelioma. Only their case No. 2 
appears acceptable on the basis of the 
microphotographs. con- 
cerned a 26 year old female who de- 
veloped hemoptysis. No clubbing of 
fingers, cyanosis or polycythemia was 
present. Lobectomy was successfully 
performed. 

In 1939, Picot, Pollet and 
Gaultier** reported briefly upon a 12 
year old girl who showed shadows in 
the X-rays of the lungs. 
history 


case 


Duvoir, 


There was no 
of cyanosis, clubbing of the 
fingers or polycythemia, and at au- 
topsy a hemangioma was found in the 
left lower lobe. In the year, 
Smith Horton*? observed a 40 
year old male with polycythemia, club- 
bing of the fingers, cyanosis and vari- 
able degrees of dyspnea and vertigo. 


Same 
and 


X-ray showed a lesion in the right 
lower lobe, over which a bruit was 
heard. A radio-opaque substance was 


injected into the basilic vein and sub- 
sequent X-rays revealed 2 dilated ves- 
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sels in the right hilum communicating 
with the parenchyma of the right lung 
where the bruit was heard. These in- 
vestigators regarded this lesion from a 
physiologic point of view as an arterio- 
venous fistula of the lung, which they 
felt was a hemangioma anatomically. 
This patient apparently is still alive. 
No operation was performed 

Plaut,*' who reported 2 cases of he- 
the lung in 
1940, was of the opinion that these 
tumors represented malformations of 


mangio-endothelioma of 


pre-existing blood vessels. In one of 
his cases marked endothelial prolifera- 
tion almost to the point of neoplasia 
was observed, and in this case there 
was clubbing of the fingers and cya- 
nosis. His 2nd case, also in an adult, 
was a small subpleural hemangioma 
found incidentally at autopsy. 

In 1942. the Ist case to be diagnosed 
correctly clinically, and in which the 
lesion was removed surgically, was re- 
ported by Hepburn and Dauphinee. 
This patient was a 23 year old male 


who had clubbing of the fingers, cya- 


nosis and polycythemia. X-ray re- 
vealed a shadow in the right lower 
lung field, over which a bruit was 
heard. A right pneumonectomy was 
performed, which operation was later 
reported by Shenstone,"* and in the 


surgical specimen a purple, vascular, 
cavernous measuring 
8 x 6 found. Several 
months after the operation the cyano- 
sis, polycythemia, and the clubbing of 
the fingers had disappeared. 
Goldman's 


hemangioma, 


x 4 cm. was 


case concerned a male 
22 years of age with clubbing of fin- 
gers, cyanosis and polycythemia. La- 
minogvrams showed a shadow in the 
left lung field, which, by kymographic 
studies, revealed in the zone of density 
an intrinsic pulsation which was 
synchronous with that of the pulmon- 
ary artery. The patient refused pneu- 
monectomy at this time, and the clini- 
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cal diagnosis was cavernous heman- 
gioma acting like an arteriovenous 
fistula. This patient was subsequently 
operated upon successfully. In a 
brother 32 years of age, a similar lung 
lesion was diagnosed by Goldman.*° 
These 2 cases formed the basis of a 
subsequent report in which Goldman*! 
pointed out the relationship of other 
hereditary vascular diseases to arterio- 
venous fistula of the lung. He is of 
the opinion that cavernous heman- 
gioma of the lung is a congenital in- 
herited anomaly and represents a va- 
riety of hereditary hemorrhagic telan- 
viectasia. 
Hemoptysis, without polycythemia or 
clubbing of the fingers, may be the 
presenting symptom, as in the case 
reported by Janes.*® In this 30-year- 
old male X-ray showed shadows in both 
the left and right lungs. This patient 
had partial lobectomies performed. At 
the first operation a tumor “as large 
as a hen’s egg” was removed from the 
right middle lobe. At the second oper- 
ation, performed 9 months later, 2 
hemangiomas were removed from the 
left lung. Microscopically, all these 
tumors proved to be cavernous he- 
mangiomas. In the same year (1944) 
Jones and Thompson**® and Adams, 
Thornton and Eichelberger® success- 
fully performed pneumonectomies for 
clinically correctly diagnosed cavern- 
ous hemangioma of the lung. In each 
case X-ray evidence of a pulmonary 
shadow, together with clubbing of the 
fingers, cyanosis and polycythemia were 
present. In the case of Adams et al.’ 
the tumors were multiple, the largest 
being a multiloculated, smoothly lined 
cavity, measuring 3 x 4cm. This cav- 
ity communicated with the pulmonary 
utery through a vessel 4 to 5 mm. in 
diameter, with the inferior pulmonary 
ein through a channel 1 cm. in diam- 
eter. Microscopic examination showed 
this cavity (as well as the others) 
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to be lined by endothelial cells rest- 
ing upon connective tissue. There was 
no hemangiomatous tissue outside 
these cavities. While they designated 
their lesion as a cavernous heman- 
gioma of the lung, which it surely was 
from an anatomic point of view, a le- 
sion similar to this, which has been re- 
ferred to as “congenital arteriovenous 
aneurysm, was reported by Sisson, 
Murphy and Newman. The case of 
Sisson et al." concerned a 45 year old 
negress who died shortly after an at- 
tempt was made to demonstrate the 
pulmonary shadow by the injection of 
diotrast. At autopsy a slightly bluish- 
colored sac was found in the left inter- 
lobar fissure. The sac was bilocular 
and measured 6 x 4 x 3 cm., and was 
found to communicate with the neigh- 
boring artery and vein. Another small 
but similar lesion was found in the 
right middle lobe. 

In Makler and Zion’s®? case, one of 
the presenting symptoms was frequent 
nose bleeds. This 23 year old male 
had in addition polycythemia, cyanosis 
and clubbing of the fingers. X-rays 
showed shadows in both left and right 
lung fields. This patient was not oper- 
ated upon and, as far as is known, is 
still alive. Similarly, in a recent case 
reported by Cleland,'® epistaxis was a 
prominent presenting feature. In this 
case multiple hemangiomas were found 
on the face, tongue, nasal septum and 
buccal mucosa. The large, cavernous, 
pulmonary hemangioma was _associ- 
ated with a_ radio-opaque shadow, 
cyanosos, polycythemia, and clubbing 
of the fingers. This patient died 20 
hours after lobectomy. 

In 1947 Bisgard® performed a lobec- 
tomy for hemangioma of the lung in a 
29 year old male with the usual symp- 
toms of cyanosis, polycythemia and 
clubbing of the fingers. X-ray revealed 
a well-delineated shadow of increased 
density in the right lower lobe, and the 
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surgically-removed specimen was found son, L. M. Shefts, and F. R. X. Byron. 
to have 2 cavernous hemangiomas of Thus, this rare hamartoma of the 
the lung which showed no large com- lung, the cavernous hemangioma, is a 


municating vessels. In this same year 
Sweet 

clinically correctly diagnosed cavernous 


23 year 


performed a lobectomy for a 


hemangioma of the lung in a 
old female with clubbing, cyanosis and 
polycythemia. Sweet, in discussing 
the case of Maier, Himmelstein, Riley 
and Bunin®' mentions another success- 


ful operation for cavernous heman- 


gioma of the lung in a child, and 
that he had seen a 3rd case in Dr. 
Alexander's clinic in Ann Arbor. Bur- 


chell and Clagett'® (also in 1947) per- 
formed a lobectomy on a 20 year old 
male, who, since the age of 8, had de- 
veloped progressive cyanosis, clubbing 
of the fingers and dyspnea upon exer- 
tion. This patient showed a_ polycy- 
themia of 7.59 million red blood cells 
per cu. mm. Roentgenograms showed 

nodular the 
The right middle lobe was 
and revealed 
greatly dilated and tortuous blood ves- 
sels. numbers of 


an irregular shadow in 
right lung. 
removed numerous 
Large cavernous 
spaces, some looped and some ending 
blindly, were found. All these spaces 
were lined by endothelium resting upon 
thick walls showing some muscle and 
elastica. These authors speculated 
that these blood vessels had acquired 
arterial characters due to high intralu- 
menal pressures over the years. Ten 
weeks after the operation the red 
blood cell count had fallen to 5.1 mil- 
lion per cu. mm., with little change 
in the clubbing of the fingers. In the 
case reported by Maier et al.’ a super- 
bacterial endarteritis in a 
cavernous hemangioma of the lung was 
first successfully treated by penicillin 
before surgical removal of the lesion. 
In the discussion following the pub- 
lication of Maier et al., unpublished 
cases of cavernous hemangioma of the 
lung were mentioned by P. C. Sam- 


imposed 


tumor-like, faulty developmental dis- 
blood 


may be single, but are often multiple, 


ease of vessels. These lesions 


and may be familial. These tumors in 
the literature have been variously re- 
ferred to as cavernous hemangiomas 
congenital 
They fre- 
quently produce shadows of increased 


arteriovenous fistulae and 


arteriovenous aneurysms. 
density in X-ray films, over which a 
When large. 
they act as arteriovenous shunts and 


bruit is sometimes heard. 


often have an associated secondary 
polycythemia, with cyanosis and club- 
bing of the fingers. Variable degrees 
of dyspnea or vertigo may be present. 
Hemoptysis or epistaxis may be a pre- 
into a 


Frequently, 


senting symptom, or rupture 
pleural cavity may occur. 
other small hemangiomas or vascula 
naevi may be noted in these patients 
as in the cases reported by Whitaker 
and Lindgren," in which pulmonary 
arteriovenous fiistulas were associated 
with a family history of telangiectases. 
They appear to be readily diagnosable 
clinically, and when surgically removed 
the and 


appear. 


polycythemia cyanosis dis- 

While, in general, cavernous heman- 
ciomas of the lung, like most hamarto- 
mas, tend to be benign, it is possible 
that malignant tumors may arise from 


Thus 


described a malignant he- 


such developmental defects. 
Wollstein® 
mangioma of the lung in a 4 month old 
infant with multiple visceral foci. In 


Hall** multiple 


malignant hemangiomas were found in 


the case reported by 


different organs and it is possible that 
the lung may have presented the pri- 
mary site. 


So-Called Pulmonary Adenomatosis. 
In recent years a number of reports 
have published 


been concerning a 
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unique type of primary lung tumor 
occurring in man. To this tumor a 
variety of names has been given. Thus 
Lohlein®’ called it “cystic papillary 
lung tumor, Bonne'” introduced the 
name “pulmonary adenomatosis,” Taft 
and Nickerson‘ preferred “mucous 
epithelial hyperplasia of the lungs,” 
Neubuerger and suggested 
“alveolar cell tumor of the lungs,” and 
Simon’ named it “diffuse primary al- 
veolar carcinoma of the lungs.” 

These tumors are characterized by 
being bilateral. None of the tumors 
show the ordinarily accepted and 
classic features of primary broncho- 
genic carcinoma, such as invasion of 
bronchial wall with or without stenosis 
or ulceration or atelectasis. Similarly, 
no primary tumor is found in any other 
situation, so that metastatic tumor to 
the lungs can be definitely ruled out. 
In about half the cases the tumor is 
found localized to the lungs at the 
time of death, often without evidence 
of lymphatic invasion, and the remain- 
der show local or distant metastases. 

Grossly, the lungs may resemble the 
picture of a so-called “gray hepatiza- 
tion” of lobar pneumonia, with a sticky, 
gelatinous surface reminiscent of a 
Friedlander’ bacillus pneumonia, or 
may present multiple elevated, poorly- 
defined, large and small, and at times 
confluent nodules of glairy, reddish- 
vellow, sticky tissues lying in lung pa- 
renchyma, Microscopically, an unu- 
sual type of non-ciliated, tall columnar 
and questionably mucus-secreting epi- 
thelium is found lining large numbers 
of alveoli. These cells are loosely ‘at- 
tached to apparently unaltered alveo- 
lar walls, which show numerous papil- 
lary projections. Strands of tumor cells 
frequently desquamate into the al- 
veoli. A certain amount of pneumonia 
invariably accompanies this tumor. 
The tumor cells lining the alveoli do 
extend into any recognizable 
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bronchioles and no transitional forms 
between obvious bronchiolar cells and 
the tumor cells can be found in any 
situation. 

This disease bears a remarkable re- 
semblance to an epizootic disease of 
sheep, known variously as jaagsiekte, 
epizootic adenomatosis, pulmonary 
adenomatosis, verminous pneumonia 
and Montana progressive pneumonia 
ot sheep. This disease in sheep has 
been thoroughly described by Mitch- 
ell,’ Cowdry,’® and Cow- 
dry and Marsh,'* and is characterized 
by marked inflammatory changes in the 
lungs, associated with an irregular pro- 
liferation of cells lining the alveoli. 
These cells adhere to the alveolar 
walls and, indeed, appear to arise from 
them. Such lining cells, which histo- 
logically are epithelial in appearance, 
vary from cuboidal to columnar,, are 
not ciliated, show papillary infolding 
into the alveoli, and apparently are 
not continuous with bronchiolar epithe- 
lium. When fully developed, the 
microscopic picture resembles an ade- 
noma or adenocarcinoma, but the cells 
are regular and metastases do not 
occur.* 

From sheep affected with jaagsiekte, 
Dungal** isolated a virus with which 
he can reproduce these lesions in the 
lungs of sheep. The virus does not 
appear to be pathogenic for man, as 
shepherds who are housed with these 
sick animals for relatively long periods 
do not contract the disease. Hilde- 
brand*' has recently reported an in- 
stance of pulmonary adenomatosis in 
which the patient was a ranch wife 
who lived on a large sheep ranch in 
Montana where jaagsiekte was ende- 
mic. He speculated upon a possible 
common origin of the human and sheep 
diseases. Attempts to transmit the dis- 
ease to various laboratory animals with 
human autopsy material by Richard- 
son,®? Sims,*° and Wood and Pier- 


* One exception is furnished by Aynard, Peyron and Falchetti, cited by Dungal.” 
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ful. 
man is unknown. 

In their excellent review of this 
subject in 1942, to which the reader is 
referred for bibliography up to this 
date, and 
lected from the literature 43 cases of 
the lung. All of 


showed 


have been uniformly unsuccess- 
The etiology of this disease in 


Neubuerger Geever®’ col- 


unusual tumors of 


these collected cases charac- 
teristic 


lial 


infolding 


cuboidal to columnar epithe- 
with and without papillary 
lining large numbers of al- 
veoli in both lungs. 


cells, 


In all cases the 
usual bronchogenic origin was exclud- 
No evidence that the lung lesions 
Of these 
cases, 24 (or 56%) showed metastases. 


ed. 


were metastatic was present. 


These metastases, generally speaking, 
local or isolated in far- 
organs. In the balance of 
cases the lesions were confined to the 
lungs at the time of death. To these 
tumors Neubuerger and Geever*’ 


were either 


removed 


gave 
the name of “alveolar cell tumors of the 
lungs. With the exception of metas- 
their collected otherwise 
appeared to be strikingly similar if not 
identical with so-called 
cases of “pulmonary adenomatosis” of 
Helly,** Lohlein,°° Oberndorfer,®™ 
Bonne,’® Richardson,®* and _ Briese." 
In 1943, Sims*® and Bell’ each reported 
a case of so-called “pulmonary adeno- 
matosis’ in which the lesions were con- 
fined to the lungs and showed no local 
or distant The following 
year Taft and Nickerson": added 2 in- 
stances of this disease, to which they 
gave the name of “mucus epithelial 
hyperplasia of the lungs.” Here, again, 
the lesions were bilateral and no me- 
tastases were present. In 1944 Ace- 
vado, Giuntini and Croxatto' reported 
a case which clinically simulated mili- 
ary tuberculosis. 


tases, cases 


acceptable 


metastases. 


In their case tumor 
cells were found in the sputum, and 
autopsy showed the lesion to be bi- 
lateral, without either local or distant 
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metastases.’ In 1945 Wood and Pier- 
son*® added another in which the diag- 
made on surgical material 


nosis was 


removed at operation. Lobectomy was 
performed, but circumstances subse- 
quently proved that the lesion was dif- 
fuse bilateral. No 
were present either locally or in distant 
Ikeda** reported 2 cases, enly 


and metastases 
organs. 
1 of which appears to be acceptable, 
as his 2nd case showed a gross bronch- 
this (1945) 
Carter, and 
Schmidt** reported 6 additional cases 
In 4 of these 
the 
usual bronchogenic type of tumor was 
excluded. 

In 1947, 
In 1 the tumor was bilateral and was 


ial tumor. In same year 


Geever, Neubuerger, 
of “alveolar cell tumor.” 


metastases were present. In all, 


Simon‘ reported 2 cases. 
confined to the lungs at the time of 
death, and no mediastinal lymph node 
In his 2nd 
case the lesions were found to be bi- 
lateral, with to the brain. 
No mediastinal lymph node metastases 


metastases were present. 
metastases 


In this case it was dem- 
the first time that the 
diagnosis could be established before 
death by lung puncture. 


were present. 
onstrated for 


In this same 
year Alexander and Chu‘ reported an 
additional case. 

The histogenesis of so-called “alveo- 
lar cell tumors of the lung” raises the 
interesting and controversial question 
regarding the presence and nature of 
alveolar lining cells. The evidence for 
and against the existence of lining cells, 
and whether they are epithelial, endo- 
thelial, or both, is too involved to be 
included in a review of the present 
scope. It appears to be the opinion 
of most authors publishing on this sub- 
ject that the bulk of experimental and 
clinical observations strongly suggests 
that alveolar epithelium does exist and 
that, under proper circumstances, it 
may proliferate and may, indeed, give 
rise to tumors. In all the reported 
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cases of the type of tumor under dis- 
cussion the authors have 
stiessed the inability to demonstrate, 
either in multiple random sections or 


various 


serial sections, that these tumors arise 
from bronchiolar lining cells. 

Herbut*> has suggested that these 
tumors arise from bronchiolar epithe- 
lium, particularly in foci of bronchiec- 
tasis. However, bronchiectasis in so- 
called tumors of the 
lungs” appears to be an extremely in- 
frequent and inconstant accompanying 
condition. 


“alveolar cell 


Since the lesion is bilateral 
and frequently shows no evidence of 
lymphatic invasion, it appears unlikely 
that the tumor cells arise from bronchi- 
The possibility that 
this may be a tumor of multicentric 
excluded. While it 
is true that occasionally metastatic tu- 
line alveoli, it is unlikely 
that this variety of tumor is metastatic 


olar epithelium. 
origin cannot be 
may 


from some cryptic focus, as Herbut** 
further suggests. 

The variety of names applied to this 
tumor appears to have arisen largely 
concerning the 
existence of epithelial alveolar lining 
cells. Neubuerger and Geever®’ chose 
the name “alveolar cell tumor” without 


from the controversy 


intending to connote the histologic ori- 
cin of the cell. contends that 
if the word “cell” is omitted and the 
condition described as “diffuse primary 


Simon?’ 


ilveolar carcinoma of the lungs” de- 
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finitive reference as to possible cell 
origin is omitted. The terms “pulmon- 
ary adenomatosis” and “mucus epithe- 
lial hyperplasia of the lungs” may be 
misleading, for, in spite of the benign 
appearance of some of these tumors 
histologically, and particularly when 
they are as yet confined to the lungs, 
this tumor appears to behave as a slow- 
growing but eventually metastasizing 
carcinoma. The case reported by 
Dacie and Hoyle’ showed transition 
from intra-alveolar hyperplasia, which 
on histological grounds was taken to 
be benign, to an infiltrating carcinoma. 
It is possible that the degree of pneu- 
monia which invariably accompanies 
tumors may be the cause of 
death before metastases have had time 
to develop. 


these 


The clinical course and clinicai find- 
ings in diffuse primary alveolar carci- 
noma of the lungs are not sufficiently 
clear-cut to permit an 
clinical diagnosis. 


unequivocal 
Cough, X-ray evi- 
dence of bilateral lung consolidation 
which varies in size from time to time, 
absence of eosinophilia (Loeffler’s syn- 
drome should be excluded), with or 
without hemoptysis, and the progres- 
sive nature of the disease are sugges- 
tive features. The diagnosis, however, 
may be established during the life of 
the patient by histologic examination 
of aspirated lung tissue. 
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\ direct result of this shrinking 
world®® is not only a smaller world in 
terms of travel time but a better under- 
stood world'® through greater familiar- 
ity with other places and other people. 
The concept of tropical medicine con- 
sequently has changed from that of a 
peculiar group of diseases persisting 
in peculiar parts of the world to an 
appreciation that tropical medicine is 
general medicine,‘® that few truly 
tropical diseases exist. For various rea- 
sons, including a favorable climate or 
climate not unfavorable,** a goodly 
number of infectious processes have 
their greatest incidence in the tropics, 
but most Of them also extend widely 
into subtropical regions and not infre- 
quently into temperate areas. The in- 
fectious agent of amebiasis, a favored 
example of a tropical disease, was first 
letermined in the feces of a patient 
in Archangel,®? close to the Arctic cir- 
le; its greatest recorded epidemic in 
modern times®! came from a slip in 
sanitation in a midwest American city. 


Typhus is anything but a tropical dis- 
' The peculiarities of clinical 
disease and of disease distributions in 
the tropics are largely a function of the 
tropical environment, a tropical en- 
vironment that is complex, by no means 
uniform and not determined by the 
simple quality of latitude or other geo- 
graphical character. 

The conventional. view of the tropics 
as a steaming jungle is correct only in 
part, although it holds for the Guianas, 
vast areas of the Amazon and Congo 
basins, and the low African west coast.° 
What is necessary to remember is that 
conspicuous differences in climate and 
environment exist within the same lati- 
tude.*’ The trade winds make life pos- 
sible in numerous tropical islands, the 
monsoons lead to climatic attributes of 
another order, and altitude produces 
an entirely agreeable climate on the 
high plateaux of the tropical Andes, 
the highlands of East Africa and Rho- 
desia, and in the Indian hills. 

Tropical climates** are sometimes 
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hot and moist; the rain-forest climate 
sometimes hot and dry, as of the grass- 
lands and the desert, or alternately wet 
and dry, by reason of the monsoons. 
All have in common a lack of change, 
which is as true of the unbroken, un- 
varying coolness of the hill district of 
India as of the heat of Bombay or of 


The diffi- 


about tropical climates is not 


the Amazon valley. main 
culty 
maximum 


with 


so much the high level of 
temperatures as the consistency 
which high levels are maintained. That 
the monotony of the tropical climate 
has implications beyond disease and 
is the belief of Ells- 


Huntington 


human comfort 


worth and others who 


the development of civiliza- 
with 


correlate 
tion and the energy of nations 
marked seasonal variation. 
then, the 
boundaries of the tropics and the sub- 


climates of 

Geography determines, 
tropics that extend beyond. It de- 
termines some of the general charac- 
teristics of those regions, and through 
its influence on the weather import- 
antly But 
ment is more than climate, it is more 


governs climate. environ- 
than the whole of the natural surround- 
ings of a region; it represents all of the 
external conditions which have an ef- 
fect on the life and development of 
an organism. The universe of living 
things, man and all others, enters just 
what constitutes en- 


as directly into 


vironment’’ as do the more evident in- 
animate physical factors by which one 
part of the world is so commonly dis- 
tinguished from another. Many times 
it has the greater force in determining 
the nature of man’s existence, this be- 
ing particularly true of disease—what 
it is and where it tends to be. 


Ecologic (once pt of Communi- 


cable Diseases. Increasingly, commu- 
nicable disease comes to be under- 
stood as conforming to the laws of 


ecology,’ with its distributions in time 


and space and its clinical nature the 
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manifestations of a 
equilibrium which involves two con- 
tending species, a host and an agent 
of disease. Thus the consideration of 


environment as a determining influ 


ence on diseases of man" is more than 
the action of climate on a human host 
which is the emphasis so commonly 
taken. The 
exerted on the infectious agent can be 
Additionally, the 


several elements of environment often 


environmental influences 


equally significant 
act independently of the particular host 


and agent directly concerned with a 
disease, to determine in important de 
even the 
this 
through such epidemiologic factors as 
the the 


mechanism of agent transmission from 


gree the distributions and 


clinical nature of the process; 


reservoir of infection 
host to host. 

In simplest terms, ecology deals with 
the relationship between various lis 
an environment and 
their 


surroundings 


ing organisms in 
the they 
animate inanimate 


reaction evidence to 
and 
It has to do not only with individuals 
and with communities of those individ 
uals, but with species and their inter- 
relationships. Those relations are rec- 


ognized®® as particular, continuous 


reciprocal or indissoluble. Translated 


into terms of communicable disease 
the kinds of infection are variously nat 
ural, foreign, refractory, accidental o1 
casual. 


like the funda 


mental matters of existence and survi 


Health and disease. 


val, are thus the results of an ecologic 


interplay.” Because communicable 


disease is so evidently a matter of the 
reciprocal influence of 2 organisms, of 


a host and an infectious agent, the 
ecologic interpretation of disease pheno 
mena is best accomplished by separat- 
ing the disease agent from other ele 
ments of the environment; and looking 
upon disease processes as the interac 


tion of a triad; a host—and man is the 


variable biologic 
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primary concern—an agent of disease, 
and lastly the remaining features of 
environment. 

Beyond the matter of survival, the 
health of an individual or of a species 
represents a dominance of positive 
adaptations to its particular environ- 
ment, either through greater numbers 
of positive than negative adaptations 
or because they are more heavily 
weighted. Otherwise, the organism can 
scarcely endure. Disease from the 
standpoint of man is a negative re- 
sultant of the forces of ecology, the 
extent and seriousness of which is de- 
pendent upon the kind of balance, 
the nature of the biologic equilibrium, 
currently existing between human host 
and agent of disease. This is in every 
sense a varying equilibrium and the 
costs of the negative adaptation are 
assessed in terms of the clinical na- 
ture of the disease that results, the 
number of persons affected, and the 
places and duration of the process. 
K;pidemiology is medical ecology. 

With the biologic adjustment be- 
tween host and parasite fairly evenly 
weighted, with the disturbances in 
quilibrium of limited degree, a dis- 
ease like bacillary dysentery”' results— 
trom a world standpoint’* widespread 
ind readily transmissible, its epidemics 
relatively infrequent and usually in- 
consequential, not too exacting in terms 
f death and disability except for in- 
fants and the aged, and not too sus- 
eptible to measures of control. By 

mtrast, cholera illustrates a less satis- 
ictory adaptation between host and 
arasite. The circumstances of en- 
ironment must favor its spread, the 
wings in disease prevalence are great- 

and the cost in cases and deaths 

in be appreciable. This serves like- 

vise to limit its prevalence to com- 
iratively few parts of the world. 

Cholera has many times shown its 
bility to strike widely when favoring 
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circumstances exist, but in the absence 
of their continuing presence it fails to 
establish itself. Cholera in Vermont 
in 1832 and the epidemic of Lake 
Champlain'’ are little more than 
memories. 

The ideal compromise in the host- 
parasite relation would mark the ability 
of both elements to survive in the 
presence of a nicely balanced equilib- 
rium where neither is killed off and 
neither suffers greatly. But the search 
of life for the perfect equilibrium is 
never rewarded. As the result of long 
association it may happen in a degree, 
where infection occurs without recog- 
nizable clinical symptoms, definable 
only by serologic or other means and 
called latent infection, a circumstance 
rather common with diphtheria. Since 
all ecologic relationships are tempor- 
ary and tend from time to time to be 
disturbed, sometimes through one fac- 
tor and sometimes through another, it 
follows that epidemics of frank clinical 
diphtheria are not unexpected. 

An infinite number of minute differ- 
ences in the life history of people, 
of parasites and of insect vectors of dis- 
ease, govern the implantation of dis- 
ease endemically and its epidemic 
spread. From this it follows that 
similar diseases and similar epidemics 
may arise from dissimilar causes. This 
requires that all factors entering into 
disease production and disease distribu- 
tions be kept in view at the same time, 
and each in relation to the other.*’ 

In accordance with the principle 
found suited to the non-living world, 
modern biologic investigation endeav- 
ours to ask nature questions one at a 
time and, from a series of partial pic- 
tures, reconstruct the existing whole. 
Lee®’ warns against pursuing this too 
far; that a living organism is not a col- 
lection of a few simple mechanisms in- 
tegrated by simple mathematical re- 
lationships; it is not merely the sum of 
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its component parts. Variables are 
linked together in multiples and by 
anything but simple linear relationships. 
It frequently 


study 


becomes necessary to 


nature in dimen- 


sions simultaneously and to analyze 


living many 
the resulting complex data statistically 
rather than attempt the simplification’ 
which is the modern tendency. 

Present day epidemiology stresses 
the importance of the agents of dis- 
largely by reason of the better 
the with 


which they are measured and appraised. 


ease 
methods and greater ease 
The ecologic approach requires that 
the agent be integrated into the larger 
tabric of the environment. The causes 
% an epidemic are not solved when 
the infectious agent becomes known, 
‘ven though the ordinary methods of 
spread are understood. A _ person in 
the communicable phases of an in- 
fectious disease, introduced into a circle 
of susceptible hosts, or even a num- 
ber of such persons, is not alone suf- 
ficient tor an epidemic, as the recent 
United States 
returning trom tropical 


soldiers 
well 
demonstrates. Susceptible human hosts 


experience of 


for almost any of the known communi- 
cable diseases are resident throughout 
the world. Under modern conditions 
of commerce and travel few countries 
occasional 


escape importation of in- 


tection. In certain regions one such 


circumstance suffices for a frank epi- 
demic: at and in other 


places the disease does not strike, in 


other times 
spite of numerous community and in- 

dividual exposures. The answers may 
well be sought in the environment. 


An Interpretation of Environment. 
The limited perspective with which 
environment is commonly viewed is 
open to improvement by considering 
it as composed of three major elements 
the physical environment, the bio- 
logic and the socio-economic. . 
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The physical 
evident 


Physical Environment. 


surroundings of man are so 


and immediate an influence on com- 
municable disease that for many years 
that was the whole interpretation. The 
concept of a broader content came 
only gradually. The same close associa- 
tion with the everyday affairs of life 
was also a likely reason that in early 
historical times and through the Middle 
Ages*> the causes of communicable dis- 
ease were sought in cosmic and met- 
ereologic influences. Every description 
of a disease opened with word about 
season, temperature, locality or other 
similar feature. When etiologic dis- 
coveries explained in a more rational 
way the behavior of malaria, plague, 
and so many others, the action empiri 
cally attributed to an environment was 
readily turned to an understanding of 
affected host 
parasite, contributed to insanitary con- 
ditions, and thereby affected the nature 
and distribution of disease. 

the 


medicine, climate 


how those forces and 


beginnings of tropical 


and the weather" 


From 


have always had full emphasis; to an 
extent that other 
mental features were sometimes over- 
The definition of 


important environ- 
shadowed. climate 
as the normal or characteristic weather 
conditions over a long period and in a 
particular locality or region, is none 
too definite. Smith 
in stating it to include all solar and 
terrestrial features and influences which 
affect animal and vegetable life; but 
it remains to list the better established 
components,”* which are atmospheric 
temperature, relative and absolute 
humidity, rainfall, movement of air 
and prevailing winds, sunshine, baro 


adds something 


metric pressure, and atmospheric elec- 
tricity. Under all circumstances cli- 
mate is a moving, shifting epidemio- 
logic influence. 

Improved methods of measurement 
were suggested earlier as basic to a 
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better understanding of the influences 
of environment. The climatic features 
of the physical environment promise 
more than most elements of the biologic 
or socio-economic environment, for 
physical determinations of temperature, 
humidity, wind velocity and _ rainfall 
have reached a high level of accuracy 
and ease of application. In many 
localities records are available over 
The difficulty is not 
with the individual elements, but with 
the combined effect that results, for 
example in the matter of temperature.*” 
That air temperature and humidity are 
inseparably linked is universally known, 


long periods. 


but the added effect of wind and solar 
radiation is not so generally appreci- 
The physiologic action on 
the human host is from a combined 
effect. The possible combinations are 
great, and no better example is to be 
had of the desired ecologic interpreta- 
tion, an assessment of values through 
correlation of all factors. The kata- 
thermometer has contributed im- 
proved technical method. A calculated 


value, the effective temperature,*~ gives 
expression to the combined effect of 
temperature and wind, for an im- 
proved,°*® but not a final answer. 

The physical environment does not 
end with climate and weather. A 
difference in geologic structure was 
found by Buxton”* to explain the free- 
dom from filariasis of the east side 
of the island of Esperitu Santo, in 
contrast to heavy infection on the west. 
The east side was a porous coral chalk, 
the west side thick old volcanic soil 
with standing water that gave a’ fine 
breeding ground for the mosquito vec- 
tor. Soil is no longer looked upon as 
an epidemiologic influence by reason 
of its miasms, but Augustine and Smil- 
lie’ have shown its character,. sandy 
ind moist, and its temperature, to in- 
fluence the frequency and length of 
life of hookworms. 
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Biologic Environment. The biologic 
component of environment can be 
taken to include the universe of living 
things that surrounds man, all else 
than man himself. The ecologic and 
epidemiologic influences of the biologic 
environment in respect to mass dis- 
ease of man are within two principal 
areas; the activities of animals and 
plants as sources and reservoirs of in- 
fectious agents, and secondly the con- 
siderable influence they exert as vec- 
tors of disease. The function of the 
biologic environment is not limited to 
these indirect activities, despite the 
profound influence they have on dis- 
ease prevalence in man. Repeated 
evidence is to be had of a direct action 
on one or other member of the par- 
ticular host-parasite complex. Resist- 
ance of the human host is favorably 
or adversely altered, the action of the 
agent inhibited or enhanced. 

Three principles govern the efficiency 
both of arthropods as vectors of human 
disease and of other animal species as 
reservoirs of infectious agents. These 
are the character of the host-parasite 
relation between species and agent 
concerned, population numbers of vec- 
tor or animal reservoir, and the host 
relations of the species to man. The 
first is inherently, but not wholly, a 
biologic matter, a private and_par- 
ticular concern of the individual animal 
species and the parasite. The other 
two bring into play the whole ecologic 
complex. 

Populations of arthropod vectors and 
animal reservoirs are intimately related 
to the physical environment, for as 
the physical environment acts on man 
as a host, so likewise it affects these 
other hosts; to the extent that entomol- 
ogists approach the problem of insect 
outbreaks** as epidemiologists study 
disease, ecologically. Numbers are al- 
so governed by the socio-economic 
environment, to the extent that man 
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destruction of 
vector or reservoir, or his manners and 
habits of life affect their well-being. 


participates in direct 


The socio-economic environment has 
a dominating effect on the host rela- 
tions oft 
man, the 


animal 
consideration. 


vector or reservoir to 

third Effec- 
tive production of disease depends upon 
the extent to which the occupation, 
habits and customs of man bring the 
two into contact, the ease of transfer 
brought about by density of popula- 
tion and deficiencies of housing, and 
similar influences aside from the basic 
biologic suitability of the association. 


The 


socio-economic component of environ- 


Socio-economic Environment. 
ment is that which relates to the asso- 
ciation of man with his fellow man. In 
simplest 
has remarked how 
the strongest feelings exist about the 


terms it is human ecology. 
Henderson 


sociologic properties of the environ- 
ment, but with little intellectual aware- 
ness of which ones are most important. 
Quantitative information is grossly in- 
adequate; and perhaps of greater con- 
cern, a common lack of satisfactory 
methods for study and appraisal of 
these features as an influence on mass 
disease of man. 

Examples of broad and long con- 


tinued action are readily had; that 
of the African slave trade"! in the 
spread of tropical disease to the Ameri- 
cas, not to mention war,'* which is 


the most upsetting factor that can dis- 
turb human ecologic relations. The 
human factor is as evident in the small 
affairs of everyday life, the urge to 
herd together in concentrated groups, 
to wander widely over the earth, the 
close with a variety of 
domestic animals, and the diverse food 
habits of man. 


association 


Since economic life so largely de- 
termines social existence, the two are 
taken as a single factor. 
economic 


The socio- 
environment exerts an in- 
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fluence on disease of such moment as 
to permit generalization, that the lower 
the social economic status, the higher 
This holds 


non-com- 


the prevalence of disease. 


for communicable and _ for 


municable processes, for such diverse 


conditions as cancer" and rheumatic 


fever.** Its importance is reflected in 

Kauntze*® of 
the tropics as 
being chiefly due to a general lack of 
education, a poor social economy, and 
a lassitude partly attributable to the 
sapping of human energy by endemic 
cisease. 

\ solid attack on the factor of nutri- 
tion is underway 


a current appraisal by 


medical problems of 


broadly and in rela- 
tion to principle in temperate zones, to 
far less extent in relation to the specific 
problems of the tropics. The need is 
appreciated‘ 
effect of other 
nutritional requirements, on water and 
salt requirements in the 
and on the effects of various stresses 


for precise data on the 


work on caloric and 


tropics,’ 


and mild disease processes on nutri- 
tional requirements and _ fitness*’ of 
man. The peculiar requirements of 


the white visitor or temporary resident 
continue to be the commoner interest. 
in more recent years largely because 
of war interests but the funda- 
mental problem is that of the native.*° 

Housing and the allied problem of 
crowding are potent influences: like- 
wise the habits and customs of people, 
both those inherent or of natural evolu- 
tion, and those arising artifically from 
religious or other tabu. All enter di 
rectly into environmental sanitation 
and direct attention to the principle 
too often forgotten these days that 
the first need of a people starting to 
ward a public health is to get up out 
of their own dirt. A letter of recent 
months from a young colleague just 
arrived in the tropics expressed the 
opinion that the single most important 
local objective as he saw it, was to get 
people to put their feces in one place. 
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Little quantitative information exists 
about the influence of education, 
clothing, income and social welfare 
on diseases of the tropics. The recently 
appreciated significance of psychologic 
and mental reactions as an influence 
on susceptibility to disease has scarcely 
been extended to tropical medicine, 
other than to the white populations 
and military forces.“? Much of the 
effect heretofore attributed to the phy- 
sical and biological environment, un- 
doubtedly rests within this field of 
socio-economic environment, a most 
underdeveloped interest of epidemi- 
ology, tropical or otherwise. 


A Basis for the Study of Environment. 
The ecologic approach to the study 
of communicable disease has been 
based on an appraisal of host-parasite 
equilibrium, a phenomenon in turn 
dependent upon the innate character- 
istics of the 2 primary factors under 
the influence of environment. This 
is an old concept for the biologist in 
relation to the individual.** It is an 
equally valid approach to the problems 
of the community—to mass or herd 
disease— where more or less disease 
depends upon a more or less temporary 
collection of the same or different 
species. Environment has been sepa- 
rated into three components. 

From these premises a pattern emer- 
ves for the study of the general environ- 
nent as an influence on disease—a 
lifferentiation of 6 statistical cells into 
vhich may be set those phenomena 
ittributable to the three features of 
nvironment, physical, biological and 
ocio-economic, as each acts on host 


r on agent. 


Criteria for Appraisal of Effect. Two 
riteria are useful in weighing the 
ffect of environment on a disease. 
‘he clinical nature of the process is 
ne, the peculiarities of frequency dis- 
ibution within time and space is the 


other. Either or both may be in evi- 
dence. 

Diphtheria as a faucial infection is 
uncommon in the tropics,*’ although 
its considerable frequency as an in- 
fection of the skin*’ suggests that more 
attention be given this possibility in 
sub-tropical areas. Despite the com- 
parative infrequency of the clinical 
disease, evidence from a variety of 
tropical areas indicates a widespread 
distribution of the infectious agent,*' 
equivalent to that of temperate regions. 
Clinical differences in amebiasis under 
tropical and temperate conditions are 
noteworthy.'® Scarlet fever,*’ polio- 
myelitis,** and others of the common 
infections of childhood show similar 
clinical modifications, although the 
agent is as extensively prevalent in the 
one region as the other. 

Individual and peculiar distributions 
of communicable disease by reason of 
environmental effect are well known, 
numerous and precise: Oroya fever** 
in certain valleys of Peru and at pre- 
scribed altitudes, a factor of the bio- 
logic environment; yellow fever domi- 
nantly influenced by the physical factor 
of environment;’’ cholera so strongly 
socio-economic,'' and yaws** similarly. 


Types of Environmental Action. 
Each of the three factors of environ- 
ment as it acts on host or on agent of 
disease is now presented, with no 
thought that a particular complex rep- 
resents a pure line of action. That is 
characteristic neither of ecologic nor 
epidemiologic relationships, for the ob- 
served effect is usually of multiple 
origin. The patterns offered indicate 
a dominant, rather than an inclusive 
action. 


Physical Environment-Host. No 
single feature of the tropical environ- 
ment has been accorded more attention 
than physical factors as they operate 
on the human host. This is largely 
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confined to the artificial tropical host 
the less temporary white 
resident with little attention to the 
true native host. Although the tropical 
exerts no 


more or 


climate selective action,”' 
the effect on the uninitiated is greater. 
Many escape tropical disease, but no 
When first 
exposed to hot environments most in- 
incapable of working 
strenuously or for prolonged periods. 
By a acclimatization man 
adapts himself to work in the heat,' 
through a complex physiologic read- 
justment** which 


one escapes the climate. 


dividuals are 


process of 


cannot be defined 
adequately or determined completely 
by simple physiologic measurements. 
The problem varies between hot dry 
hot 
no small consideration in recent mili- 
tary The literature on 
the manifold physiological disturbances 
with adjustment to the 
whole tropical climate and to single 
climatological factors’? is widely scat- 


and moist®® climates, a matter of 


activities.'"* 


associated 


tered and not readily accessible, but a 
good start can be had with the reviews 
of Sundstroem,*° Ward*® and Talbot.*' 
That such influences of climate on the 
human host are a function of suscep- 
tibility to communicable 
readily evidenced by every principal 


disease is 


group of tropical infections, perhaps 
best by the enteric diseases. Kligler** 
brings out that different individuals 
indeed the same individual, are 
more or less susceptible at different 
times. 


and 


Despite the penetration into matters 
concerned with acclimatization of the 
unaccustomed, and the effects of the 
various physical components of the 
tropical environment on the human 
organism,°** a basic approach to the 
host factor is in much the same situa- 
tion as in temperate regions, where the 
physiologic and anatomic character- 
istics which condition response to an 
invading parasite are a most neglected 
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and yet important aspect of the prob- 
lem of To take a specific 
example, the need is cited for a work- 
able knowledge of the pathogenesis 


infection. 


ot plague. 


Physical Environment-Parasite. — In 
speaking for a broader perspective for 
states that the 
importance of environment is a princi- 
The full 


potentiality of microbiological technics 


bacteriology Hudson 


ple of tropical medicine. 
in the study of tropical disease is be- 
the better under- 


standing of the manner in which en- 


lieved to reside in 
vironment affects infectious agents, and 
how their behavior in 
fluenced by that factor. 
manifestation is in the determination of 


nature is in- 
One common 


disease distributions 
The 


prescribed temperature limits within 


vellow fever virus has well 


which it develops in the mosquito, 
most rapidly and efficiently at 38° C, 
requiring a 9 day interval at 30° C, 12 
days at temperatures of 25° to 28° C, 


while below 23° C infection does not 
The result is a climatic limita- 
the 


climates and the hottest seasons. 


follow.'* 
warmest 
Well 
recognized isotherms have been estab- 
The distribution 
of filariasis is governed by the failure 


tion of distribution to 


lished for malaria 
of the agent to pass the necessary de- 
velopmental stage in the mosquito at 
temperatures ordinarily 
north of 40° latitude.°* The vector 
exists that limit. The 
agent is thus the susceptible part of 
the cycle, through an influence of the 
physical rather than the biologic en- 
vironment. 


encountered 


much beyond 


Environment-Agent. The 
number and complexity of the living 
things that surround man alone suggest 


Biologic 


that many direct influences are exerted 
by the biologic environment on the 
The addi- 


tional indirect action throuch the mech 


agents of human disease. 
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anism of transmission by arthropod 
vectors also governs their effectiveness. 

Direct influences of the biologic en- 
vironment are on numbers of the agent 
and on its biologic characteristics. Pop- 
ulations of infectious agents in a lo- 
cality are limited through mechanical 
or other destruction by living plants 
and animals, by entry into non-sus- 
ceptible hosts or through ingestion as 
food or with food. Numbers are in- 
creased, and sometimes the very exis- 
tence of an agent is determined by the 
presence of sufficiently numerous im- 
mediate or intermediate hosts. 

The biologic characteristics and 
pathogenicity of many agents of hu- 
man disease are modified by residence 
in hosts of other species, sometimes to 
the advantage and sometimes to the 
disadvantage of man. This takes place 
in nature and has been repeatedly ac- 
complished experimentally. The varia- 
tion among strains of influenza virus” 
as they pass from person to person in 
the course of an epidemic is charac- 
teristic of that disease. That deviation 
from the modal form of the particular 
species is brought about in passage 
through animal hosts is suggested by 
studies such as those of Zelle®* on 
Salmonella typhimurium in mice. Evi- 
dence was provided of discontinuous 
variations of smooth and rough forms, 
and their selection by the environment 
in the infected host. Further sugges- 
tion of broad and long continued action 
is had from the established host. specific 
variations that exist among the brucella, 
the pox diseases, the hemolytic strepto- 
cocci, the psittacosis-lymphogranuloma 
viruses and others. Experimental al- 
teration of biologic characteristics 
through continued contact with animal 
tissues has been accomplished with all 
principal classes of disease agents, to 
uch important purpose as the modifica- 
tion of yellow fever virus by mouse 
ind chick embryo tissues, which gained 
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a favorably modified strain that made 
wide scale immunization feasible. 

The efficiency of a vector in trans- 
mitting an agent, and the resulting 
effect on the distributions of a disease, 
is determined by its biologic charac- 
teristics and by its numbers. Man 
and guinea pig are equally susceptible 
to R. prowazeki but the guinea pig 
never contracts typhus in nature, be- 
cause Pediculus humanus is not a 
natural parasite. 
remains viable when artifically intro- 
duced into the bedbug Cimex lectu- 
larius, the macerated tissues produced 
the disease in experimental animals, 
and yet this arthropod does not be- 
come infected in nature. The triatoma 
and other reduviid species are so in- 
fected, but as a consequence of their 
distribution the disease is one of warm 
countries. The ecologic relations ap- 
pear more complicated than a simple 
matter of limited distribution of sus- 
ceptible intermediate hosts and ade- 
quate vectors, for both vectors*’ and 
mammalian hosts*® have been recog- 
nized in California and more recently 
in Texas,"****" with no instance of natu- 
ral human infection yet reported. The 
reason may rest in matters of the 
socio-economic environment, or less op- 
portunity for infection because the 
agent is less frequent in nature, but 
at any rate there is an epidemiologic 
problem that warrants further explora- 
tion ecologically. 

The size of the vector population 
has much to do with the frequency 
of the human disease in a given locality. 
Actual numbers are conditioned by 
speed of development, length of life, 
fertility, food supply®? and a variety 
of other factors that bring into play 
the other two great divisions of the 
environment, physical and socio-eco- 
nomic. Buxton®’ summarizes his ex- 
perience in stating that many of the 
periodical changes which may be ob- 
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abundance of insects 
climatic changes. The 
factors which limit their geographic 
spread are also frequently climatic. 
Rainfall is so closely associated with 
the incidence of malaria that rainy 
years have come to be appreciated as 
malaria years through the favorable 
conditions provided for mosquito 
breeding and the resultant numbers. 
The rule is regular, but not invariable. 
One of the most striking examples of 
the effect of environment on disease 
was epidemic malaria in Ceylon*’ in 
1935, due to drought rather than exces- 
sive rainfall. 


served in the 
are due to 


The outbreak occurred 
in the most healthy and _ prosperous 
part of the island, where rainfall was 
usually high and malaria “infrequent. 
\ prolonged drought was 
by a few which collected in 
shallow pools along river banks and 
streams, providing excellent breeding 
places for the prevailing Anopheles 
culicifacies. But the resulting epi- 
demic, which led to some 80,000 deaths 
from malaria in the space of 7 months 
was not wholly the result of physical 
environment 


followed 
rains 


acting through biologic 
environment on a disease agent. The 
socio-economic environment also came 
into play, for the drought led to a 
failure of crops, an altered nutrition, 
and consequent decreased resistance 
of the human host. All three great 
classes of the environment took part 
in the genesis of the epidemic through 
action on both host and agent of dis- 
ease. 

Although gross numbers of the vector 
affect disease distributions, the more 
critical consideration is the number of 
infected vectors that make contact with 
the human host. The aggregate of 
effective vectors is determined by in- 
fluences of the environment that are 
variously biologic, through the habits 
and behavior of the arthropod vector; 
physical, through wind direction from 


infected native villages and swamps; 
and socio-economic, in relation to hab- 
its of clothing and customs of housing. 
More direct and precise examples of 
environmental determination of vector 
efficiency are the effect of humidity 
on activity and behavior*” of terrestrial 
insects; the increasing activity of many 
insects with a falling barometer; and 
the lessened activity of Phlebotomus 
in windy weather 
That ecologic ease 
opportunity 


and not simple 
governs transmission is 
well brought out by circumstances in 
the Pacific area during the recent war. 
Dengue and _ filariasis 


were common 


diseases. Dengue spread broadly and 
rapidly from New Guinea to Hawaii," 
tracing the course of the war island by 
island. Filariasis was encountered in 
appreciable numbers,"’ since some 14,- 
QOO patients with that diagnosis were 
evacuated to continental United States. 
But filariasis did not spread like den- 
gue, although the same social environ- 
mental conditions of travel and traffic, 
customs and habit prevailed; and the 
vectors of both diseases were widely 
distributed throughout the Pacific. 


Environment- Host. The 
influences of the biologic environment 
on the 


Biologic 


human host are sometimes 


broad, vital and fundamental; as when 


they relate to competition for food 
and the predatory action of species, 
one on the other and on man. They 


are sometimes contributory to host sus- 
ceptibility, as through activity of strictly 
pest insects on the physical state 
through loss of sleep, allergic sensi- 
tivity or psychologic disturbance. There 
is the powerful influence of chronic 
low grade infection and of the para- 
sitisms which lead to the tropical 
The effect may be as precise 
and direct as the streptococcal and 
staphylococcal infections made possible 
by tissue injury through the bite of 


sandflies. 


anemias. 
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The main epidemiologic interest is 
with the reservoirs*’ of human infec- 
tion that rest in plants and animals. 
Some of the relations are simple and 
direct, as the food poisoning that re- 
sults from Salmonella and an infected 
animal host. Others are complicated 
and highly selective in their determina- 
tion of disease distribution, as the illus- 
tration to follow shows. 

Although Clonorchis sinensis, the liver 
fluke of man, cat, dog and other fish 
eating mammals has been carried to 
all parts of the world by emigrants 
from the endemic areas of the Orient, 
no new focus of clonorchiasis has ever 
developed. The infection chain is man 
or reservoir host—snail—fish—man. 
Snails ingest infected feces of mam- 
cerceriae from snails 
encyst in the musculature of fish and 
pass to man when fish are eaten raw. 
The adult parasite has little if any host 
specificity, for most mammals appear 
susceptible. The cerceriae likewise 
show no specificity, since over 40 
species of fresh water fish of at least 
| different families have been reported 
naturally infected with metacerceriae. 
The miracidium is highly specific and 
limited to a few species of snails hav- 
ing strict Asiatic distribution. The 
failure of the infection to penetrate 
widely is due to the absence of ap- 
propriate snail hosts and the inability 
of the miracidium to use local snail 
species. A socio-economic environ- 
mental consideration likewise enters. 
Clonorchiasis is very common in dogs 
ind cats of central and north China, 
is far as Peiping, but extremely’ rare 
or absent in human populations since 
lish are habitually cooked before eating. 
Such interrelated host manifestations 
are basic to an understanding of mass 
disease of man. 


malian hosts, 


Socio-Economic Environment-Agent. 
Many diseases called tropical are 
merely diseases which have their great- 


est distribution where social and sani- 
tary conditions are primitive or grossly 
defective, and nowhere is this more 
the case than in the tropics.'* Even 
a disease like plague has its socio- 
economic component although so clear- 
ly a matter of biologic environment, 
of rats and fleas and other intermediate 
mammalian hosts and insect vectors. 
The commerce in grain, the houses in 
which men live and the customs they 
practice favor the activity of these 
biologic elements of the environment. 
In illustration of the influence of the 
socio-economic environment on = an 
agent of human disease, attention is 
directed to the great frequency of 
trichinosis in temperate regions and 
its essential absence in the tropics. 
Explanation of this behavior has been 
sought in differences in light, tempera- 
ture, and humidity. The action of the 
social environment, however, offers a 
reasonable explanation. The customs 
and practices of. tropical man lead 
to everything of the porcine host be- 
ing eaten, with no remainders for the 
pig; consequently, an interruption of 
the chain of infection. The contrasting 
frequency of human infections with 
Taenia solium is by reason of the pigs 
ranging close to the house, human 
feces being similarly deposited and a 
resulting high rate of transmission. 


Socio-Economic Environment-Host. 
The agent of amebiasis is widely dis- 
tributed in temperate and tropical re- 
gions, but the clinical disease is domi- 
nantly a feature of the tropics. The 
character of the human host as in- 
fluenced by diet is suggested in direct 
relationship. Faust®® has stated that 
probably the most important single in- 
trinsic factor which determines whether 
amebiasis in a susceptible host is acute, 
chronic or asymptomatic, is the degree 
of host resistence based on the nutri- 
tional level. Carbohydrate favors 
multiplication of the agent,®? and pro- 
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tein reduces it. The clinical change 
that takes place when the human host 
transfers from tropical to temperate 
regions is as reasonably a function of 
this social environment-host factor of 
diet, as of temperature and climate. 


Hud- 
has characterized the knowledge 
of tropical environment as empirical. 
Many facts are known, much informa- 
tion is suggestively reliable, but all too 
little has been quantitatively appraised. 
The preoccupation of students of tropi- 
cal medicine with the patient**—and 
this has been the white man more than 
man in general—has led to a highly 
developed clinical bedside knowledge, 
to extended descriptions of symptoms 
and methods of treatment, but too little 
to the causes of tropical disease** as 
they are determined by age, sex, sani- 
tary environment, 


The Need for Quantification. 


local customs and 
other factors of host and environment. 
An understanding of the epidemiology 
of a disease as a community or group 
problem cannot be expected to arise 
from the selected and biased data of 


clinics and hospitals. The need is 


for a study of tropical disease as a. 


whole, of populations and their reac- 
tions. 

Epidemiology is thus presented the 
problem of determining the prevailing 
influence of environment factors on a 
communicable order first 
to explain the prevailing differences at 
a given time and secondly the change 
in places attacked according to time 
in the same district; and from that 
knowledge to develop a basis for con- 
trol. Extraordinarily slight changes” 
in mutual adjustment between host 
and parasite may profoundly alter 
clinical and epidemiologic manifesta- 
tions. The strategy of disease control 
is often achieved by ecologic meas- 
ures,** to the extent that a newly recog- 
nized environmental feature has cleared 
up problems hitherto entirely obscure. 


disease, in 
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The need is for precise quantitative 
information in substitution for impres- 
sion, suggestion or qualitative fact. It 
may be sought in two areas. 

First, there is a basic need in tropical 
epidemiology for better information of 
the movements of disease, comparable 
to that of temperate climates and based 
on the frequency of illness and death 
according to composition of popula- 
The vital statistics of tropical 

suffer than the usual 
unreliability of the census, incomplete- 


tions. 

regions more 
ness of reporting, diversity in methods 
the inaccuracy 
No more than 


of classification, and 
of clinical diagnosis.’ 
rough estimates must often serve for 
administrative action. The success or 
failure of 
interests of the public health is to be 
only the aid of 


population data, by which trends and 


measures introduced in the 


measured through 
tendencies may be expressed in terms 
of natality, morbidity and mortality. 
It is obviously unfair that mortality 
records serve alone, especially when 
generalization is required from such in- 
secure data as arise from hospital pop- 
ulations. 

The second need is a study of host 
and environment with a care and pre- 
cision equal to that devoted to the 
agents of disease. All the elements 
of environment are not universally and 
evenly active as an influence on dis- 
ease. There is an effective and non- 
but the distine- 
tion is more a matter of degree than of 
kind. This measurement. 
Well controlled specific quantitative 
observations on the physiologic effects 
of the physical environment are few. 
The social and psychologic effects of 
the tropical environment have yet to 
be studied objectively in appreciable 
population groups, in spite of the evi- 
dent relationship to economic** and 
industrial*®? development and wholly 
aside from disease, yet intimately as- 
sociated with it. 


effective environment 


requires 
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Specific to the General. Environ- 
ment has been analyzed as an influence 
on communicable disease in groups 
of people under tropical conditions. 
The examples given show similar situa- 
tions to exist among diseases of animals. 
Etiologically identical processes are ob- 
served in both man and other species, 
sometimes in a goodly number of other 
species. Often they are epidemiologic- 
ally so interwoven that an understand- 
ing of one is essential to interpretation 
of the other. The counterpart of such 
a situation can be identified with ease 
among diseases of plants. The three 
components of the tropical environ- 
ment, distinguished as physical, bio- 
logic and socio-economic, are not a 
particular function of mass communi- 
cable disease of man, but are basic to 
the interpretation of all plant, animal 
and human infections of those areas. 

The part of environment in determin- 
ing the clinical nature and the distribu- 
tion of communicable disease is like- 
wise no special attribute of tropical 
regions. The same qualitative features 
of environment act on communicable 
diseases of other climates and other 
geographical areas. Quantitatively, one 
or other factor may have altered signifi- 
cance; for example the biologic en- 
vironment in temperate zones, because 
of the lesser importance of arthropod 
vectors in the general scheme. The 
suggested pattern for the study of 
environment is believed equally ap- 
plicable to epidemiologic problems of 
temperate and polar regions. 

The interpretation and analysis of 
communicable disease as an ecologic 
phenomenon—the reaction of an organ- 
ism to its total environment—has as 
general application to the infectious 
processes of one region as to those of 
another. The relationships in some 
situations may be more complex or 
more numerous, but basically they con- 
form to principle. 
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This review has been purposely 
limited to communicable diseases and 
the tropical environment but with no 
suggestion that these conditions are 
the sole medical problems of the trop- 
ics. Time was when they did domin- 
ate all considerations. Gradually, if 
indeed irregularly, the tropics make 
progress towards conditions character- 
istic of countries of the temperate zone, 
where metabolic and degenerative dis- 
eases rank higher as judged by death, 
defect and disability. 

An epidemiologic approach to the 
group or community problems _pro- 
vided by these non-communicable dis- 
eases, is as useful as with the infectious 
processes. Cancer, diabetes, traumatic 
accidents and heart disease as they 
affect communities of people are being 
subjected to such analyses. The same 
ecologic interpretation can be applied, 
when the agent is of other nature than 
a living biologic entity. 

The tropical environment may well 
be examined as an influence on cancer 
of those regions, especially the physi- 
cal component of environment; in rela- 
tion to the intriguing problems of 
hypertension; and usefully indeed in 
better appraisal of the socio-economic 
environment as a determinant of trop- 
ical disease of whatever nature. 


Summary. Each of the factors of 
environment—physical, biologic and 
socio-economic—has been considered 
individually as it acts on the host and 
on the agents of disease, to the end of 
demonstrating principle. But the il- 
lustrations themselves and more par- 
ticularly the definition of epidemiology 
as medical ecology, show this to be an 
oversimplification. All environmental 
factors are intimately interwoven, each 
influenced by the other. The produc- 
tion of disease in man is the resultant 
of the total forces within a universe. 
of an ecologic unity. 
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The principal advances in tropical reactions, having as an objective that 
medicine have been in clinical knowl- epidemiologic interpretation so largely 
edge of the diseases there present, of accomplished for disease of temperate 
the agents responsible and of the vec- regions. The pattern has been set by 
tors involved. These are parts of a studies on malaria and yellow fever. 
broader problem. The fuller under- The approach is logically that of ecol- 
standing of disease in the tropics would ogy, in terms of host, agent of disease 
seem to require more stress on the and environment, with environment of 
study of these conditions as mass dis- a greater consequence in tropical medi 
ease phenomena, in respect to herd cine than under most circumstances. 
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BOOK REVIEWS AND NOTICES 


DisEASES OF CHILDREN’s EYES By JAMES 
HanuttTon Doccartr, M.D. (Cantab.) F.R 
C.S. Eng., Ophthalmic Surgeon, Hospital 
for Sick Children, London, ete. Pp. 288; 
210 ills., 32 in color. St. i 
Mosby, 1947. Price, $10.00. 


Louis: 


book was written with the intention 
of arousing wider interest in the ophthalmic 
problems of childhood. While the author has 
succeeded in bringing together enough mate- 
rial to stimulate one’s interest, the book fails 
to be 
would 


a source of information for those who 
seek here what they find in 
any ordinary textbook. It is too bad that so 
much space has been taken up with material 
should to be al- 
ready part of the reader’s general knowledge 
The author could have better used this space 


cannot 


which have been assumed 


to give us the benefit of his own experience, 


which has been large and valuable. 


The various forms of glaucoma affecting 
children are treated on 2'2 pages, and the 
only reference to buphthalmia given in the 
index is a single line on 1 page. Retino blas- 
toma, surely, should be given comprehensive 
treatment, but the information supplied here 
is less than that found in average textbook on 
ophthalmology 

On the whole, the book falls far short of 
its purpose because the author has failed to 
limit himself to his primary endeavor 


F. A 


PHysicAL MEDICINE IN GENERAL PRACTICE. By 
BrerMan, M.D., Attending Phys- 
ical Therapist, Mount Sinai Hosp.; Asst. 
Clin. Prof. of Medicine, Columbia Univ. 
With a chapter on Medical Rehabilitation 
by Sipney Licut, M.D.; 2nd ed. Pp. 686; 
310 ills. New York: Paul B. Hoeber, 1947. 


Price, $8.00. 


THI comprehensive view of the field of 
Physical Medicine presented in this. book 
gives it reference work for. stu- 
dents and practitioners of Physical Medicine. 


\ alue as a 


It is commendable, too, that a chapter on 


medical rehabilitation has been included. 
The illustrations of the techniques used are 
On the other hand, since both edi- 
tions of this book include practically all tech- 
niques ever used in Physical Medicine, re- 


gardless of their proven value, it seems not 


W ell done 


well suited for use by the general practitioner, 
whose limited knowledge in this field makes 
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discrimination between good and poor tech 
niques difficult. Also, if 
traindications for various treatments were given 


indications and con 


in a more concise form, the book would have 
The tacitly 
by inclusion in the book, the 
Violet Irradiation of Blood”, 
been considered acceptable by the National 


recommends 
“Knott Ultra 


which has not 


more value. author 


Research Council and the Council on Physical 
Medicine of the Medical 
tion. The chapter on spa therapy is 
The author 
ficiently the potential danger of fever therapy 


American Assoc la 
over} 
enthusiastic. has not stressed sut 
in inexpert hands. It seems, too, that the te1 
mentioned would 
with the Standard Nomen- 
Disease H. 


minology of the diseases 
better 


clature of 


contorm 


KRANKHEITS- 
BEGRIFFES. VON Dr. EMANUEL BERGHOFE 
2nd ed. Pp. 201. Wien: W ilhelm Maudrich 


ENTWICKLUNGSGESCHICHTE DES 


New York: Grune & Stratton, 1947. Price, 
$5.00 
Tus history of the development otf the 


concepts on the nature and causality of dis 


ease is essentially a compendium, in which 


the relevant data, to be found in the 


histories of 


standard 


medicine, have been judiciously 


and competently abstracted and collated. The 
work is devoid of originality. It does, how 
afford, as the fuller 


and encompassing 


ever, histories do not 


a survey view of | this 
most important subject. For it is correct, as 
the author writes in his preface to the sec 
edition, that the 


an indispensable 


of disease is 
component of 


ond concept 
medical 
thought; and that it has a profound influence 
upon medical practice and research. 

The author traces the changing pattern ot 
the concepts of disease from the pre-Hippo- 
cratic era down to our time. His treatment 
of the controverted periods and personalities 
the Middle Ages, the Renaissance, Paracelsus, 
Mesmer, Stahl, the Vienna School 


understanding and sympathetic. He is very 


is always 


well versed in his subject, and warmly catho 
lic in his sympathies. He is, however, not so 
well versed in, nor so judicious in, his treat 
ment of the contemporary scene. The author 
makes no mention of the British and American 
writers who have contributed so appreciably 
to this subject—Major Greenwood, Charles 
Creighton, F. G. Crookshank, E. W. Goodall, 
Sir William Hamer and John A. Ryle. Nor is 
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his treatment of social medicine—the con- 
cluding chapter of his work—at all creditable. 
He makes no mention of the Nuffield Foun- 
dation or the Institute of Social Medicine, Ox- 
ford University. However, he does dilate on 
the health services of the U.S.S.R., and cele- 
brates Jugoslavia for “its heroic efforts on 
behalf of its workers.” 


Mepicat Cuinics or Nortu America, Boston 
Number, September 1947. Specific Methods 
in Treatment. Pp. 1059-1319. Phila.: W. B. 
Saunders, 1947. Price, $16.00 a year. 
luis symposium summarizes briefly, but 

adequately, recent thinking as regards the 

treatment of such common problems as 

Bright's Disease, meningitis, hypertension, 

bleeding peptic ulcer, common skin diseases, 

pernicious anemia, leukemia, toxemia of preg- 
nancy, epilepsy and contestive heart failure. 
rhe current status of neostigmine, histamine 
ind histaminase in therapy is discussed. The 
chapters on the office approach to psycho- 
neuroses, on treatment in child psychiatry and 
on physical medicine are interesting and use- 
ful in themselves. Further, they emphasize 
that all modern treatment is not by drugs. 

(his is a timely and well selected group of 

irticles, of value to every practicing physician. 


B. D. 


Neutron Errects oN ANIMALS. By the STAFF 
of the BiocHeEMIcAL RESEARCH FOUNDATION, 
Newark, Delaware. McDOoNALp, 
M.D., Director. Pp. 198; 29 ills. Balt.: 
Williams & Wilkins, 1947. Price, $3.00. 
Tue volume, a preliminary report of work 

undertaken in cooperation with the Manhattan 

District, consists of a collection of observa- 

tions of various investigators, related to one 

another in a general way only. They are pre- 
sented in the same style and form as used 
in medical periodicals. Despite the title, the 
experimental organisms employed include 
corn seedlings and euglena as well as the 
usual experimental mammals. The presentation 
consists of a collection of the elementary 
facts regarding the effects of neutrons on 
the living organism with no premature attempt 
to explain mechanisms. The varied problems 
studied include alterations in blood proteins, 
resistance to infection, blood cells, and tissue 
histology resulting from neutron irradiation. 

Although no correlation of the various en- 

deavors is made and no conclusions drawn, 

it is of interest to note the compatible results 
obtained by the various investigators. For 


example, it was found that neutron irradia- 
tion reduced the number of circulating lym- 
phocytes, reduced the concentration of gamma 
globulin in the serum, and reduced the re- 
sistance of the organism to infection. The vol- 
ume should be of value at least to those who 
are working in the field. A. R. 


Ear, Nose anp Turoat. By Georce D. Wo Fr, 
M.D., Asst. Clin. Prof. of Otolaryngology, 
New York Med. Coll. Pp. 523; 149 ills. 
Phila.; J. B. Lippincott, 1947. Price, $10.00. 
As a refreshing innovation in this presenta- 

tion of the fundamentals of otolaryngology, 

the major portion of this textbook is given to 
discussions based upon symptom diagnosis 
and symptoms rather than upon diseases. 

From this practical approach the various 

clinical entities are developed and dealt with 

from the standpoint of etiology, symptomatol- 
ogy, diagnosis and treatment. 

Part I deals with the nose, throat and lar- 
ynx. Specific and concise directions are given 
for the management of emergencies. The re- 
gional subjects are considered from the view- 
point of symptoms—head pain, vertigo, ob- 
structed nasal breathing, postnasal drip, sore 
throat, obstructive dyspnea and hoarseness. 
PART II, on the ear, discusses earache, 
chronic otorrhea, inypaired hearing and tinni- 
tus aurium. Other conditions met in otolaryn- 
gology such as swelling of the salivary glands, 
excessive lachrymation and _ miscellaneous 
complaints are treated in Part III. Facial plas- 
tic surgery is presented in Part IV, while Part 
V deals with related subjects such as—baro- 
trauma, allergy, blood dyscrasias, avitamino- 
sis and antibiotics. An appendix discusses the 
planning and equipping of an office. 

The wide teaching experience of the au- 
thor is reflected in his clear, concise, well- 
organized text, the courageous elimination of 
controversial and _ traditional material, the 
careful preparation of the instructive illus- 
trations and the insertion of a well-classified, 
up-to-date bibliography for each subject. His- 
torical notes and clinical anatomy and physi- 
ology are introduced without the intrusion 
of irrelevant information. Wherever empha- 
sis has been deemed necessary illustrative 
case histories are used. Stress is laid upon the 
practical aspects of otolaryngology and non- 
surgical treatment rather than upon surgical 
techniques. The format and typography of this 
book are excellent and the arrangement of 
contents and index such as to permit rapid 
access to a maximum of information condensed 
into a minimum of text. The student, gradu- 
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ate student, teacher and practitioner will find 
this volume indispensable for rapid reference, 
basic instruction, authoritative guidance in 
therapy and bibliographic information. 


CALCIUM AND PHOSPHORUS IN Foops AND Nv- 
rRITION. By Henry C. SHERMAN, Ph.D., 
Mitchill Prof. Emeritus of Chemistry, Col- 
umbia Univ. Pp. 176. New York: Col- 
umbia University Press, 1947. Price, $2.75. 
Tus small volume presents a _ concisely 

written summary of our present knowledge 

of calcium and phosphorus in relation to 
nutrition. A short introduction explains the 
place of these two elements in nature, in 
our agricultural economy and in human nu- 
trition. Five topics are then considered: 
the calcium in the body, especially its forms 
and function in the blood and the bones; the 
effects of foods and of growth upon the cal- 
cium content of the body; a summary of the 
chemical forms and nutritional functions of 
phosphorus; a review of the evidence upon 
quantitative requirements with particular ref- 
erence to minimal adequate and optimal in- 
takes; and foods as factors in providing these 
two elements and affecting their utilization. 

A final chapter summarizes and _ interprets 

these data in respect to modern nutrition. A 

selected bibliography of over 600 references 

serves to document the discussions. 
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JASE HisTORIES IN CLINICAL AND ABNORMAL 

PsycHoLocy. Edited by ArrHur Burton, 
Assoc. Prof. of Psychology, Willamette 
Univ., and Rosperr E. Hanraris, Assoc. Prof. 
of Medical Psychology, Univ. of California. 
Pp. 680. New York: Harper & Bros., 1948. 
Price, $4.00. 
Tus book is by clinical psychologists for 
clinical psychologists. Much of its space is 
therefore devoted to the demonstration of the 
use of psychological tests in the diagnosis, 
prognosis and treatment of cases ranging from 
the mental deficiencies to neuroses and psy- 
choses. A main purpose is to supply case ma- 
terial for courses to college students. 

A valuable introduction by Henry Murray 
mentions the acquisition of “certain medical 
principles and practices by psychologists”, 
and notes that psychologists have never pub- 
lished a set of case records of normal people. 

The present collection of case histories of 
the abnormal will be used to educate the 
great numbers of new students, many of them 
veterans, who are preparing themselves for 
positions in psychology. E. B. 
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Gazeta Medica Portuguesa. Editor: PAoLo 
Marques, Rua de Prata, 250-2°, Lisbon 


Pp. 250. Lisbon, 1948 
WE ARE 
bring to the 


Price, $20.00. 
to our usual custom, to 
this first 
number of what appears to be an important quar- 


glad, contrary 


attention of our readers 


terly journal. 

Pioneer Life in Kentucky, 1785-1800. By 
DaniEL Drake, M.D. Edited by EmMet 
Fiecp Horne, M.D. Pp. 257. New York 
Henry Schuman, 1948. Price, $4.00 

[HE “reminiscential” letters that comprise this 
volume were first published in 1870 and again 
in 1907 —both editions are exceedingly rare. 


they 
early 


indirectly medical, 
picture composed by the 
of the 


terest the medical world of this country: 


Though only present a 


leading physician 


Mississippi Valley that should especially in- 


NEW EDITIONS 


Modern Trends in Ophthalmology. Edited 


by ARNOLD SorsBy. Vol. Il. Pp. 600; 169 
ills. New York and London: Paul B. Hoe 
ber, 1948. Price, $12.50 

Tus continuation of the first volume of this 


book published in 1940 consists of 48 short mono 


graphs by different authors covering a wide field 


of subjects of interest to ophthalmologists. The 
papers are grouped into 5. sections, namely 
physiology, diagnostic procedures, pathology 


treatment, and social aspects of 


book 


ophthalmology. 


As is to be expected in a of this sort some 


sections are better prepared than others but, on 
the whole, the high standard of the first volume 
is maintained. F. A. 


> 


Textbook of Clinical Pathology. Edited by 
Francis P. Parker, M.D., Assoc. Prof. of 
Pathology, Univ. of Virginia School of 
Medicine. 3d ed. Pp. 1023; 229 ills. Balt 
Williams & Wilkins, 1948. Price, $9.00 

Tus new edition contains a valuable store of 
details and interpretations of laboratory tests. Sec- 
tions on the various aspects of clinical pathology 
are written by different authors, most of whom are 
leading their field. Among the 
subjects are practically all aspects of 
tests for syphilis, immuno- 
liver and 
blood and examination of 
sputum, feces, spinal fluid, urine, gastric 
and 


investigators in 
considered 
hematology, serologic 
logic 
hormones, 


tests, function, assay of vitamins 
chemistry, 
contents 
illustrations are numerous 
and clear, and the book is replete with new de- 
velopments in tests 


I. Z. 


Erwachsenen 


seminal fluid. The 


laboratory technique and 

Die Lungentuberkulose beim 
Von Dr. HerMANN Weber. 2d ed. Pp. 
417; 248 ills., 11 in color. Wien: Mau 
drich, 1948. Imported by Grune & Strat- 
ton. No price given. 


Essentials of Fevers. By Greratp E. BREEN, 
M.D., Examiner in Fevers to the General 
Nursing Council of England and Wales. 
2d ed. Pp. 351, 16 ills. Balt.: Williams & 
Wilkins, 1948. Price, $4.50. 
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